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Effects of Cooperative Grouping on Stoichiometric 
Prob lem  So lv ing  in High School C h e m is t ry  
A b s t r a c t  
J o y  B r idges  T ing le  
L o u is iana  S t a t e  U n iv e r s i ty  
May 1988  
M ajor  P r o f e s s o r :  Ron Good 
A s tu d y  of s t o i c h i o m e t r i c  p ro b lem  so lv in g  in c h e m i s t r y  w a s  
c o n d u c te d  in t h r e e  high s c h o o l s  in a ru ra l  school  d i s t r i c t .  
S t u d e n t s  (n = 178) in g r a d e s  1 0 - 1 2  so lv e d  p r o b le m s  
ind iv id ua l ly  o r  In c o o p e r a t i v e  g roups  us in g  a p r e s c r i p t i v e  
p r o b l e m - s o l v in g  s t r a t e g y .  This  s t r a t e g y  c o n s i s t e d  of a 
s t a t e m e n t  of th e  p rob lem ,  r e d e s c r i p t i o n  t h a t  inc luded  no t  only 
e x t r a c t i o n  of th e  s t a t e d  and im p l ie d  in f o r m a t i o n  b u t  p i c t u r e  
d e s c r i p t i o n ,  p re d i c t io n ,  m a t h e m a t i c a l  so lu t io n ,  and check.
The m a in  p u rp o se  of t h e  s tu d y  w a s  to  d e t e r m i n e  e m p i r i c a l l y  
w h e t h e r  t h e r e  w a s  a d i f f e r e n c e  in a c h i e v e m e n t  b e tw e e n  
s t u d e n t s  so lv in g  p r o b l e m s  ind iv id ua l ly  and in c o o p e r a t i v e  
groups.  The c o o p e r a t i v e  g ro u p s  w e r e  h e te r o g e n e o u s l y  b a se d  
upon p ro p o r t io n a l  r e a s o n in g  a b i l i t y  a s  d e t e r m i n e d  by th e  
r e s u l t s  of th e  2 - i t e m  p ro p o r t io n a l  r e a s o n in g  s u b t e s t  
c o m p o s in g  th e  T e s t  of  Logical  Thinking (TOLT) d e v e lop ed  by 
Tobin  and Capie  (1 9 8 1 ) ,  S e c o n d a ry  q u e s t i o n s  Included  (1): th e  
r e l a t i o n s h i p  of m a t h  s t a n i n e s ,  age,  sex ,  and p ro p o r t io n a l
ix
r e a s o n in g  a b i l i ty ;  (2 )  a t t i t u d e  d i f f e r e n c e s ;  (3 )  c h a r a c t e r i s t i c s  
of s u c c e s s f u l  and u n s u c c e s s f u l  s t u d e n t s  p ro b lem  so lv ing  
in d iv id u a l ly  and in g rou p s  a s  d e t e r m i n e d  th rough  v id e o ta p e  
a n a l y s e s ,  c l a s s r o o m  o b s e r v a t i o n s ,  and s t u d e n t s '  w r i t t e n  work,
T h ere  w a s  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  in 
p e r f o r m a n c e  b e t w e e n  r e g u l a r  o r  h o n o rs  s t u d e n t s  of v a ry in g  
p ro p o r t io n a l  r e a s o n in g  a b i l i t y  s o lv in g  s t o i c h i o m e t r i c  p r o b le m s  
in d iv idu a l ly  o r  in c o o p e r a t i v e  g ro up s  (p<.05). The p r e s c r i p t i v e  
m e th o d  w a s  th e  com m on  f a c t o r  th ro u g h o u t  th e  s tu d y  
s u g g e s t i n g  t h a t  i t  m ay  be a s t r a t e g y  t h a t  w i l l  e n ab le  th e  gap 
b e t w e e n  th e  p e r f o r m a n c e  of n o n p ro p o r t io n a l  r e a s o n e r s  and 
p ro p o r t io n a l  r e a s o n e r s  to  d e c r e a s e  on s t o i c h i o m e t r i c  
p rob lem s .
No s t a t i s t i c a l l y  s i g n i f i c a n t  a t t i t u d e  d i f f e r e n c e s  w e r e  
found. It shou ld  be n o te d  t h a t  s t u d e n t s  w e r e  un d ec id ed  a s  to 
how th e y  f e l t  a b o u t  c h e m i s t r y  b e f o r e  i n i t i a t i n g  p rob lem  
so lv in g  and th ey  did n o t  fo r m  n e g a t iv e  a t t i t u d e s  a f t e r  se v en  
w e e k s  of p ro b lem  so lv ing .  Verbal  and w r i t t e n  c o m m e n t s  
i n d ic a t e d  t h a t  s t u d e n t s  e n jo y e d  p ro b lem  so lv in g  in groups.
S u c c e s s f u l  p ro b lem  s o l v e r s ,  bo th  t h o s e  in g ro u p s  and th o s e  
w ho  so lv e d  p r o b le m s  in d iv id u a l ly ,  w e r e  c h a r a c t e r i z e d  by 
c o n f id e n c e  and p e r s i s t e n c e  and e x h ib i t e d  a s t r o n g  c o n c e p tu a l  
base ,  h o s t  s u c c e s s f u l  s t u d e n t s  u se d  t h e  p r e s c r i p t i v e  m e tho d ,  
o r g a n iz in g  t h e i r  p r o b l e m s  in to  s t e p s ,  s k e t c h i n g  p i c t u r e s ,  and
x
m ak in g  p r e d ic t i o n s .  S u c c e s s f u l  g ro u p s  I n t e r a c t e d  w e l l ,  




During th e  l a s t  decade ,  p r o b le m - s o lv in g  r e s e a r c h  h as  
i n c r e a s e d  g r e a t l y  p r i m a r i l y  due to  th e  e m e r g e n c e  of c o g n i t iv e  
sc ien ce .  Linn (in p r e s s )  h a s  s t r e s s e d  th e  i m p o r t a n c e  of 
p ro b le m - s o lv in g  r e s e a r c h  by r e f e r r i n g  to  p rob lem  so lv in g  a s  
one of th e  new b a s ic s .  F u r th e rm o re ,  L awsoh  ( 1 9 7 9 )  h a s  
s u g g e s t e d  t h a t  one of t h e  m a j o r  g o a ls  of e d u c a t io n  shou ld  be 
th e  d e v e lo p m e n t  of r e a s o n in g  s t r a t e g i e s .  In o r d e r  to  a d d r e s s  
t h i s  goal,  c u r r i c u lu m  d e v e lo p e r s  m u s t  depend upon th e  
r e s e a r c h  e f f o r t s  of bo th  c o g n i t i v e  s c i e n t i s t s  and P ia g e t i a n  
r e s e a r c h e r s  in o rd e r  to  i d e n t i f y  th e  s p e c i f i c  f e a t u r e s  of 
i n s t r u c t i o n  t h a t  f o s t e r  p ro b lem  so lv ing  and th e  c h a r a c t e r i s t i c s  
of l e a r n e r s  l ike ly  to  p r o f i t  f rom  it.
I n i t i a l ly  p r o b l e m - s o l v in g  r e s e a r c h  w a s  d o m a in -  
independen t ,  r e s u l t i n g  in a l im i te d  a m o u n t  of p ro b le m - s o lv in g  
r e s e a r c h  in c h e m is t r y .  H ow ever  in t h e  l a s t  f e w  y e a r s  t h e r e  
h as  been  in c r e a s in g  i n t e r a c t i o n  b e t w e e n  c o g n i t i v e  s c i e n t i s t s  
and m a t h e m a t i c s  and s c i e n c e  e d u c a to r s .  The r e s u l t i n g  
c h e m i s t r y  r e s e a r c h  h a s  f o c u s e d  on t h e  i d e n t i f i c a t i o n  of 
p r o b l e m - s o l v in g  b e h a v io r s  of c h e m i s t r y  s t u d e n t s  (A n am uah-  
Mensah, 1986; Camacho  & Good, 1986; Frank & Herron, 1987;  
G orode tsky  & Hoz, 1980;  Greenbow e,  1983;  N urrenbern ,  1979)  
and t e a c h i n g  s t r a t e g i e s  t h a t  can  be u se d  to  e n han ce  th e
1
?
le a rn in g  of a b s t r a c t  s c i e n c e  c o n c e p t s  by s t u d e n t s  of v a ry ing  
I n t e l l e c tu a l  d e v e lo p m e n ta l  s t a g e s  (Bunce & Heikkinen, 1986; 
Cantu  & Herron, 1978;  Gabel & Sam uel ,  1986; Gabel &
Sherw ood ,  1983; G oods te in  & Howe, 1978; Kavanaugh & 
Moonaw, 1981;  Ward & Herron, 1980).
R ecen t  r e s e a r c h  s u g g e s t s  t h a t  s u c c e s s  in c h e m i s t r y  
p rob lem  so lv in g  Is de p en d e n t  upon s t u d e n t s '  p ro p o r t io n a l  
r e a s o n in g  a b i l i t i e s  (B ender  & Mllakofsky,  1982, Gabel & 
S herw ood ,  1983;  Gabel , S he rw o o d ,  & Enochs,  1984;  Herron, 
1978;  K ra jc lk  & Haney, 1987).  F u r th e rm o re ,  e x p e r im e n ta l  
e v id e n c e  h as  sh o w n  t h a t  a s i g n i f i c a n t  nu m b er  of c o l le g e  
f r e s h m a n  have  no t  a t t a i n e d  t h a t  level  of though t  (McKinnon & 
Renner,  1971;  Ward & Herron,  1980;  W hee le r  & Kass ,  1977).
In o r d e r  to  a d d r e s s  t h e  p ro p o r t io n a l  r e a so n in g  i s su e ,  th e  
p r e s e n t  s t u d y  i s  d e s ig n e d  to  f a c i l i t a t e  fo rm a l  tho u g h t  by 
coupling  r e s e a r c h  on t h e  p r e s c r i p t i v e  model  p ro p osed  by Bunce 
(Bunce & Heikkinen,  1986) ,  Gabel (in p r e s s ) ,  and H e l le r  and Reif  
( 1 9 8 4 )  w i t h  c o o p e r a t i v e  group ing  s t r a t e g i e s  p rop o se d  by 
r e s e a r c h e r s  su c h  a s  J o h n s o n  and Jo h n s o n  ( 1 9 8 7 )  and S lav in  
(198 0 ) .
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PURPOSE OF THE STUDY
The p u rp o se  of t h i s  s t u d y  is:
To d e t e r m i n e  t h e  e f f e c t  t h a t  c o o p e r a t i v e  a rouns .  
h e te r o g e n e o u s ly  b a se d  on p ro p o r t io n a l  r e a s o n in g  a b i l i ty ,  
have  on s t o i c h i o m e t r i c  p rob lem  so lv ing  in r e g u l a r  and 
h o no rs  high school  c h e m is t ry .
The fo l lo w in g  s e c o n d a r y  q u e s t i o n s  w i l l  a l s o  he a d d re s sed :
1. What  i n t e r c o r r e l a t i o n s  e x i s t  among su c h  v a r i a b l e s  a s  
m a t h e m a t i c a l  a p t i t u d e ,  age, sex ,  and p ro p o r t io n a l  
r e a s o n in g  a b i l i t y ?
2. Are  a t t i t u d e  d i f f e r e n c e s  n o te d  b e t w e e n  s t u d e n t s  of 
d i f f e r e n t  p ro p o r t io n a l  r e a s o n in g  a b i l i t i e s  a s s ig n e d  
to  r e g u l a r  o r  h o n o rs  c l a s s e s  who so lv e  p r o b le m s  
in d iv id u a l ly  or  in c o o p e r a t i v e  g ro u p s ?
3. Are t h e r e  d i f f e r e n c e s  In t h e  c h a r a c t e r i s t i c s  
e x h ib i t e d  by s t u d e n t s  of d i f f e r e n t  p ro p o r t io n a l  
r e a s o n in g  a b i l i t i e s  w h i l e  p ro b lem  so lv in g  in 
c o o p e r a t i v e  g ro u ps  w h en  c o m p a re d  to  p ro b lem  
s o lv in g  in d iv id u a l ly ?
C h a p te r  III s h o w s  how t h e s e  r e s e a r c h  q u e s t i o n s  m ay  be 
a n s w e re d .
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SIGNIFICANCE OF THE STUDY 
C o o p e ra t iv e  g rouping  i s  n o t  a new idea ,  bu t  i s  a s t r a t e g y  
t h a t  h a s  been  n e g le c t e d  f o r  t h e  p a s t  5 0  y e a r s .  R ecen t  r e s e a r c h  
h as  sh o w n  t h a t  if s t u d e n t - s t u d e n t  in te r d e p e n d e n c e  is 
s t r u c t u r e d  c a r e f u l l y  and a p p r o p r i a t e ly ,  s t u d e n t s  w i l l  va lue  
m ore  th e  s u b j e c t  a r e a  be ing  s tu d i e d ,  a c h ie v e  a t  a h ig he r  level ,  
and u se  h ig h e r - l e v e l  r e a s o n in g  s t r a t e g i e s  m o re  f r e q u e n t ly  
( Jo h nso n  & Jo h n so n ,  1987).  In a d d i t io n ,  s t u d e n t s  p a r t i c i p a t i n g  
in c o o p e r a t i v e  g rouping  a r e  c h a r a c t e r i z e d  by h ig he r  l e v e l s  of 
m o t iv a t io n ,  m o re  p o s i t i v e  i n t e r p e r s o n a l  r e l a t i o n s h i p s ,  and 
h ig h e r  s e l f - e s t e e m  .
The i m p o r t a n c e  of c o o p e r a t i v e  group ing  g o e s  beyond 
in c r e a s in g  a c h i e v e m e n t  and f o s t e r i n g  p o s i t i v e  a t t i t u d e s  
t o w a r d  s u b j e c t  a r e a s .  C o o p e r a t iv e  i n t e r a c t i o n  w i t h  o t h e r  
peop le  is e s s e n t i a l  in bu i ld in g  and m a i n t a i n in g  a c a r e e r ,  
f am i ly ,  and c o m m u n i ty  l ife .  S choo ls ,  h o w e v e r ,  have  p r o m o te d  
th e  s t u d e n t  in d iv id ua l ly  and c o m p e t i t iv e ly .  P e e r  r e l a t i o n s h i p s  
have been  l im i t e d  f o r  t h e  m o s t  p a r t  to  e x t r a c u r r i c u l a r  
a c t i v i t i e s .  The i m p l e m e n t a t i o n  of c o o p e r a t i v e  g rouping  
p ro v id e s  an o p p o r tu n i ty  to  t e a c h  t h o s e  n e c e s s a r y  c o o p e r a t i v e  
s k i l l s  w i t h i n  t h e  c u r r ic u lu m .
C o o p e ra t iv e  l e a rn in g  m ay  a l s o  a id  in m ak in g  s t u d e n t s  b e t t e r  
t h i n k e r s  and p ro b lem  s o lv e r s .  Many s t u d i e s  have  sh o w n  t h a t  
s u c c e s s  in c h e m i s t r y  p ro b le m  so lv in g  i s  d e p e n d e n t  upon
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s t u d e n t s '  p ro p o r t io n a l  r e a s o n i n g  a b i l i t i e s  (Bender  & 
M ilakofsky,  1982;  6ab e l  & S herw ood ,  1983;  Gabel, S he rw ood ,  & 
Enochs,  1984 ,  Herron,  1978;  K ra jc ik  & Haney, 1987). P ia g e t  
( 1 9 6 4 )  b e l i e v e d  t h a t  t h e r e  a r e  fo u r  m ain  f a c t o r s  w h ic h  a re  
n e c e s s a r y  f o r  th e  d e v e lo p m e n t  of m e n ta l  s t r u c t u r e s :
(a)  m a t u r a t i o n ,  (b) e x p e r i e n c e ,  (c)  s o c ia l  t r a n s m i s s i o n ,  and 
(d) e q u i l ib ra t io n .  The m e n t a l  s t r u c t u r e s  r e f e r r e d  to  by P ia g e t  
in c lu d e  p ro p o r t io n a l  rea so n in g .  Gabel ( in p r e s s )  h a s  s t a t e d  
t h a t  c h a n g e s  in s t u d e n t s '  p ro p o r t io n a l  r e a s o n in g  a b i l i t i e s  a r e  
d i f f i c u l t  i f  no t  i m p o s s i b l e  to  achieve .  In ad d i t ion ,  W h ee le r  and 
K ass  ( 1 9 7 7 )  found t h a t  i n s t r u c t i o n  in p ro p o r t io n a l  r e a s o n in g  
a b i l i t y  in c h e m i s t r y  did n o t  a p p e a r  to  en h an c e  g ene ra l  
p r o p o r t io n a l  rea son in g .  P h i l l i p s  (1 9 7 8 ) ,  h o w ever ,  s u g g e s t s  
t h a t  sm a l l  group i n t e r a c t i o n  a l l o w s  f o r  sh a r in g  of r e a s o n in g  
s t e m m i n g  f ro m  d i f f e r e n t  o p e r a t io n a l  l e v e l s  p rov id ing  an 
avenue  fo r  so c i a l  t r a n s m i s s i o n .  Kurtz  and K arp lus  ( 1 9 7 9 )  a l s o  
sh o w e d  t h a t  i t  i s  p o s s i b l e  to  ad v an c e  t h e  u se  of  p ro p o r t io n a l  
r e a s o n in g  of m any  s e c o n d a r y  schoo l  s t u d e n t s  by m e a n s  of a 
w e l l - d e s i g n e d  t e a c h i n g  p ro g ra m  a s  w e l l  a s  s t u d e n t - s t u d e n t  
i n t e r a c t i o n  w i t h  m a n i p u l a t iv e s .  S in ce  c o o p e r a t i v e  l e a rn in g  is  
c h a r a c t e r i z e d  by s t u d e n t - s t u d e n t  i n t e r a c t i o n  in s m a l l  g roups ,  
t h i s  s t r a t e g y  m ay  p ro v id e  an o p p o r tu n i ty  to  evoke  chang e  in 
p ro p o r t io n a l  r eason ing .
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RATIONALE OF THE STUDY
Reif  ( 1 9 8 4 )  h a s  p o in te d  to  th e  m eth o do lo g y  u se d  by 
t e a c h e r s  m  p rob lem  so lv in g  a s  being  n e i t h e r  v e ry  e f f e c t i v e  nor 
e f f i c i e n t .  Usual ly  t e a c h e r s  p rov ide  e x a m p le s  of p rob lem  
s o l u t i o n s  f o l lo w e d  by s t u d e n t s  spend ing  t i m e  p r a c t i c i n g  
r e l a t e d  p rob lem s .  T e a c h e r s  do not  u su a l ly  q u e s t io n  a 
m e th o do lo gy  t h a t  r e s u l t s  in s t u d e n t s  doing w e l l  w i t h  t ex tb o o k  
p rob lem s .  For a m a j o r i t y  of  t e a c h e r s  th e  te x tb o o k  s e r v e s  a s  
th e  c u r r i c u lu m  guide  a s  w e l l  a s  a p r e s c r i b e d  methodology .  
S in c e  m o s t  t e x t s  p ro v id e  m o d e l s  of p r o b le m s  w i t h  s i m i l a r  
e n d - o f - t h e  c h a p t e r  p r o b le m s ,  t h a t  is  w h a t  s t u d e n t s  
ex p er ience .
Most i n t r o d u c to r y  s c i e n c e  c o u r s e s  e m p h a s i z e  th e  a b i l i t y  to  
r e c a l l  i n f o r m a t io n  and to  u se  i t  a s  d i r e c t e d  in so lv in g  
p r o b le m s  (Fasch in g  & Erickson ,  1985). Most of th e  p r o b le m s  
m e r e ly  r e q u i r e  s t u d e n t s  to  plug n u m b e r s  in to  f o r m u l a s  and 
p e r f o r m  c a l c u l a t io n s .  Too o f t e n  th e  e m p h a s i s  in p rob lem  
so lv in g  h a s  been  on th e  r i g h t  a n s w e r  r a t h e r  th a n  th e  p r o c e s s  
involved  in o b ta in in g  th e  a n sw e r .  F re q u en t ly  s t u d e n t s  can  not  
apply  th e  l a w s  and f o r m u l a s  to  i n t e r p r e t  a c tu a l  p h y s ic a l  
e v e n t s  (R esn ick ,  1983).
Evidence  p o i n t s  to  s u c c e s s f u l  p r o b l e m - s o l v in g  s k i l l s  
r e q u i r in g  a s u b s t a n t i a l  a m o u n t  of q u a l i t a t i v e  r e a s o n in g  
(Camacho  & Good, 1986;  G reenbow e,  1983; N urrenbern ,  1979).
H el le r  and Reif  ( 1 9 8 4 )  found t h a t  many s t u d e n t s ,  a f t e r  fo rm al  
i n s t r u c t i o n  and r e c e iv in g  good g r a d e s  in a r e c e n t  c o u rse ,  could 
not  g e n e r a t e  a c o r r e c t  d e s c r i p t i o n  of f a i r l y  ro u t in e  p r o b le m s  
and t h u s  f a i l e d  to  so lv e  th e m  properly .  With th e  e m p h a s i s  on 
p lugging  n u m b e r s  in to  a f o r m u la  to  o b ta in  a r i g h t  a n s w e r  
w i t h o u t  t h e  s t r a t e g i c  r e a so n in g ,  p r o b le m - s o lv in g  s k i l l s  w i l l  
not  improve.
Polya ( 1 9 4 5 )  p ro p o se d  a g en e ra l  h e u r i s t i c s  ap p ro ach  a s  a 
w a y  to  im prove  s t u d e n t s '  p r o b l e m - s o l v in g  ab i l i ty .  Polya 
s u g g e s t e d  t h a t  if s t u d e n t s  s p e n t  t i m e  u n d e r s t a n d in g  th e  
p rob lem ,  d e v is in g  a plan, and th en  looking back o v e r  t h e i r  
w ork ,  th ey  w ou ld  b e co m e  b e t t e r  p ro b lem  so lv e r s ,  Gagne 
( 1 9 8 0 )  s u p p o r t s  th e  p o s i t i o n  t h a t  p r o b l e m - s o l v in g  s t r a t e g i e s  
shou ld  be e x p l i c i t l y  t a u g h t  s t a t i n g  t h a t  t h e r e  is  no a d v a n ta g e  
fo r  l e a r n e r s  to  d i s c o v e r  s t r a t e g i e s  r a t h e r  th an  be ing  t a u g h t  
th em  d i r e c t ly .  C o n f l i c t in g  e v id e n c e  e x i s t s  in s t u d i e s  w i t h  
c h e m i s t r y  s t u d e n t s  and t h e  u s e  of h e u r i s t i c s  s i m i l a r  to  t h o s e  
of Polya. In a s tu d y  by Bunce and Heikkinen (1 9 8 6 ) ,  c o l leg e  
s t u d e n t s  w e r e  r e q u i r e d  to  u s e  a s p e c i a l l y - d e s i g n e d  w o r k s h e e t  
t h a t  inc luded  a s t a t e m e n t  of t h e  p ro b lem  in w o r d s ,  a sk e tc h ,  
m a t h e m a t i c a l  s o lu t io n ,  and rev iew .  The r e s u l t s  sh o w e d  no 
s i g n i f i c a n t  d i f f e r e n c e s  in a c h i e v e m e n t  f o r  s t u d e n t s  who  used  
th e  w o r k s h e e t s ;  h o w e v e r  t h e r e  w e r e  l i m i t a t i o n s  to  t h i s  s tudy.  
S t u d e n t s  found t h e s e  w o r k s h e e t s  too  t i m e - c o n s u m i n g  and no
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e x t r a  t i m e  w a s  p rov ided  on t e s t s  to  u se  t h i s  method.  S t u d e n t s  
r e s o r t e d  to  th e  f a c t o r - l a b e l  m eth o d  w h ic h  th ey  found e a s i e r  
and w h ic h  p roduced  s a t i s f a c t o r y  r e s u l t s .  A no the r  s tu d y  
c o n d u c e d  by Frank and Herron ( 1 9 8 7 )  w a s  s i m i l i a r  in n a tu r e  to  
th e  Bunce and Heikkinen s tu d y  bu t  th ey  found so m e  
im p ro v e m e n t  in s t u d e n t  a c h i e v e m e n t  us ing  t h e i r  h e u r i s t i c s  
c o n s i s t i n g  of p lann ing  t h e  p rob lem , so lv ing  i t ,  and th en  
r e v i e w in g  it.
At the  1987  N at ional  S c i e n c e  T e a c h e r s  A s s o c ia t io n  
Convention ,  Dorothy Gabel s t a t e d  t h a t  th e  f a c t o r - l a b e l  m e th o d  
found in m o s t  c h e m i s t r y  and p h y s i c s  t e x tb o o k s  had done m ore  
to  p r o m o te  r o t e  l e a rn in g  th a n  any o t h e r  m e th o d  u t i l i z e d  to  
t e a c h  p rob lem  solv ing .  She  in d ic a te d  t h a t  m o s t  s t u d e n t s  
•follow t h a t  m e th o d  w i t h o u t  any u n d e rs t a n d in g  a s  to  why they  
do i t  and why i t  w orks .  A s tu d y  of t h e  f a c t o r - l a b e l  m e th o d  in 
so lv ing  m o le  p r o b le m s  in c h e m i s t r y  r e s u l t e d  in s i m i l a r  
f in d in g s  (Larkin & Rainard ,  1984). Gabel a d v o c a te d  a p rob lem  
r e d e s c r i p t i o n  s t r a t e g y  w h ic h  i n c o r p o r a t e s  a f a c t o r - l a b e l  
ap p ro a ch  a s  only one c o m p o n e n t  of p rob lem  solving.  Reif  and 
H e l le r  ( 1 9 8 4 )  found t h a t  t h e  p r e s c r i p t i v e  model u sed  in t h e i r  
s t u d y  w h ic h  inc luded  bo th  q u a l i t a t i v e  and q u a n t i t a t i v e  
d e s c r i p t i o n s  conc lud ing  w i t h  an a s s e s s m e n t  w a s  s u f f i c i e n t  to  
g e n e r a t e  e x c e l l e n t  p ro b lem  d e s c r i p t i o n s  and m ark e d ly  
im proved  s u b s e q u e n t  p ro b lem  so lu t io n s .
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In a d d i t io n  to  th e  p r e s c r i p t i v e  m o d e l s  of Gabel, Bunce, Reif  
and Hel le r ,  q u a l i t a t i v e  r e d e s c r i p t i o n  can a l s o  be enhanced  by 
th e  e n c o u r a g e m e n t  of c o n t in u a l  c h e c k s  th ro u g h o u t  th e  
p r o b l e m - s o l v in g  p ro ce ss .  The p r o c e s s  of p r e d ic t i o n  invo lves  
c o n t in u o u s  b a c k w a rd  c h e c k s  t o w a r d  w h a t  is  a l r e a d y  known and 
f o r w a r d  c h e c k s  t o w a r d  w h a t  is  l ike ly  to  happen (Good, 1987). 
S m i th  and Good ( 1 9 8 4 )  found t h a t  e x p e r t s  in c l a s s i c a l  g e n e t i c s  
m ad e  c h e c k s  o f t e n  dur ing  t h e  p r o b l e m - s o l v in g  p ro c e s s .  In 
o rd e r  to  m ake  a p re d ic t i o n ,  s t u d e n t s  m u s t  fo c u s  t h e i r  
a t t e n t i o n  on r e l e v a n t  c o n c e p t s  and p r o b l e m - s o l v in g  s t r a t e g i e s .  
S in c e  p r e d i c t i o n  is  u sed  e a r l y  in th e  p r o b l e m - s o l v in g  p r o c e s s ,  
i t  c a r r i e s  w i t h  i t  a d e g re e  of p e rs o n a l  c o m m i tm e n t  to  f ind  out  
if i t  i s  c o r r e c t  t h u s  n e c e s s i t a t i n g  c o n t in u a l  c h e c k s  th rou g ho u t  
t h e  p r o b l e m - s o l v in g  p r o c e s s  (Good, 1987).
S in c e  p r o b l e m - s o l v in g  i s  a p r o c e s s  and no t  a p rod u c t ,  th e  
c l a s s  l e c t u r e  t e c h n iq u e  is  an i n e f f e c t i v e  m e a n s  of t e a c h in g  
t h i s  sk i l l  (H e l le r  & Reif ,  1984).  U n fo r tu n a te ly .  P r o j e c t  
S y n t h e s i s  (H arm s & Yager, 1981)  r e p o r t s  t h a t  th e  
l e c t u r e / d i s c u s s i o n  is  t h e  p r e d o m i n a t e  t e c h n iq u e  u se d  in th e  
s c i e n c e  c l a s s ro o m .  O f ten  t h i s  t e c h n iq u e  p r e s e n t s  j u s t  th e  
i n f o r m a t io n  t h e  s t u d e n t s  a r e  to  m e m o r i z e  f o r  r e c a l l  v a lu e  only. 
It a l s o  i s  c h a r a c t e r i z e d  by s t u d e n t s  w o rk in g  a lone  or  
c o m p e t i t iv e ly .  C o o p e ra t iv e  g rouping  p r o v id e s  a n o th e r  avenue  
f o r  t e a c h in g  p rob lem  solv ing .  In bo th  e d u c a t io n a l  and w ork
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s e t t i n g s ,  p e e r s  have  a s t r o n g  In f lu en ce  on p ro d u c t iv i ty .
G r e a t e r  a c h i e v e m e n t  i s  t y p i c a l l y  found in c o o p e r a t i v e  
s i t u a t i o n s  r a t h e r  t h a n  in s i t u a t i o n s  w h e r e  in d iv id u a ls  w ork  
a lo n e  (Johnson ,  M aruyama,  Jo hn so n ,  Nelson, & Skon, 1981). 
C o o p e r a t iv e  g rouping  coup led  w i t h  p ro b lem  r e d e s c r i p t i o n  o f f e r  
t h e  o p p o r tu n i ty  f o r  s t u d e n t  d i s c u s s i o n  th u s  enab l in g  th e m  to  
v ie w  p r o b le m s  f ro m  a v a r i e t y  of p e r s p e c t iv e s .
SUMMARY
T h is  c h a p t e r  in t r o d u c e d  a p ro p o se d  s t r a t e g y  d e s ig n e d  to  
i n c r e a s e  p ro p o r t io n a l  r e a s o n in g  a b i l i t y  th ro ug h  th e  u se  of 
p r e s c r i p t i v e  h e u r i s t i c s  in a c o o p e r a t i v e  l e a rn in g  env iro n m en t .  
The s i g n i f i c a n c e  of  t h e  s tu d y  is  d i s c u s s e d  in t e r m s  of 
c o o p e r a t i v e  l e a rn in g  a s  n o t  only a m e a n s  f o r  i n c r e a s in g  
a c h i e v e m e n t  th ro u g h  t h e  d e v e lo p m e n t  of r e a s o n in g  s k i l l s  but  in 
t e r m s  of  t h e  a f f e c t i v e  do m ain  of t h e  lea rne r .  The r a t i o n a l e  
f o c u s e s  on c u r r e n t  m e th o d o lo g y  t h a t  h a s  r e s u l t e d  in 
d im in i s h e d  p r o b l e m - s o l v i n g  s k i l l s  c i t i n g  v i a b l e  a l t e r n a t i v e  
s t r a t e g i e s  d e r iv e d  f ro m  c o g n i t i v e  s c i e n c e  and P i a g e t i a n  
r e s e a r c h .
CHAPTER II 
REVIEW OF THE LITERATURE 
This  r e v i e w  w i l l  d e s c r i b e  and a n a ly ze  l i t e r a t u r e  r e l a t e d  to 
fo u r  m a in  a s p e c t s  of th e  s tudy:  (a)  P i a g e t i a n  r e s e a r c h  
p e r t a in i n g  s p e c i f i c a l l y  to  p ro p o r t io n a l  r e a so n in g ,  (b) p rob lem  
so lv in g  g e n e ra l ly ,  (c)  c h e m i s t r y  p rob lem  so lv in g  s p e c i f i c a l l y ,  
and (d) c o o p e r a t i v e  grouping.  S t u d i e s  w i l l  be c i t e d  t h a t  
a t t e m p t  to  link t h e s e  r e s e a r c h  a r e a s  t o g e th e r .
P i a g e t i a n - B a s e d  R e se a rc h  
P i a g e t  found t h a t  c h i ld r e n  p r o g r e s s  th ro ug h  v a r i o u s  s t a g e s  
of m e n ta l  d e v e lo p m e n t  and t h a t  t h e s e  s t a g e s  c a n n o t  be 
c i r c u m v e n te d .  C h i ld ren  m u s t  go th ro u gh  a p e r io d  of p h y s ic a l  
m a n ip u la t io n  of o b j e c t s  b e fo r e  th e y  can  th ink  a b s t r a c t l y .
P i a g e t  i d e n t i f i e d  t h i s  p e r io d  of m a n ip u la t io n  a s  c o n c r e t e  
o p e ra t io n a l  and t h e  p e r io d  of a b s t r a c t  th in k in g  a s  fo rm a l  
o p e ra t io n a l .  Many s e c o n d a r y  schoo l  s t u d e n t s  e x h ib i t  
c h a r a c t e r i s t i c s  of b o th  s t a g e s  and a re  r e f e r r e d  t o  a s  be ing  
t r a n s i t i o n a l  ( S h a y e r  & Adey, 1981). P i a g e t  h a s  s t a t e d  t h a t  th e  
f o rm a l  o p e r a t i o n a l  s t a g e  b e g in s  to  deve lop  b e t w e e n  th e  a g e s  of 
11 and 12 y e a r s  and  is  c o m p l e t e d  by th e  a g e s  of 14 o r  15 
y e a r s .
R e s e a r c h  s t u d i e s  have  c o n f l i c t e d  w i t h  P i a g e t ’s  c o n c lu s ion s .  
C h i a p p e t t a  ( 1 9 7 6 )  r e v i e w e d  P ia g e t i a n  s t u d i e s  t h a t  a s s e s s e d  
c o g n i t i v e  l e v e l s  of s e c o n d a r y  s t u d e n t s  and c o n c lu d ed  t h a t  t h e
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m a j o r i t y  of a d o l e s c e n t s  in th e  Uni ted  S t a t e s  fu n c t io n  a t  th e  
c o n c r e t e  o p e ra t io n a l  leve l  and n o t  a t  t h e  fo rm a l  o p e ra t io n a l  
level  in u n d e r s t a n d in g  s c i e n c e  c o n te n t .  In a la rge  s tu d y  in 
s c h o o l s  of England and W ales  (n* 12 ,000) ,  S h a y e r  and Adey 
found t h a t  only 30% of  t h e  s t u d e n t s  who w e r e  16 y e a r s  old had 
r e a c h e d  th e  fo rm a l  o p e r a t io n a l  s t a g e .
P i a g e t i a n  d e v e lo p m e n ta l  s t a g e s  of th ou g h t  have  been  
o p e r a t io n a l ly  d e f in e d  in t e r m s  of c e r t a i n  r e a s o n in g  p a t t e r n s  
such  a s  p ro p o r t io n a l  rea so n in g .  Karp lus ,  Pulos ,  and S t a g e  
(1 9 8 3 )  have d e f in e d  p ro p o r t io n a l  r e a s o n in g  a s  "a t e r m  t h a t  
d e n o te s  r e a s o n in g  in a s y s t e m  of t w o  v a r i a b l e s  b e t w e e n  w h ich  
t h e r e  e x i s t s  a l in e a r  f u n c t io n a l  r e l a t i o n s h ip "  w h ic h  " leads  to  
c o n c lu s io n s  abou t  a s i t u a t i o n  o r  phenom enon  t h a t  can be 
c h a r a c t e r i z e d  by a c o n s t a n t  r a t io "  (p. 219) .  A ch i ld  who  m a k e s  
i n f e r e n c e s  f rom  d a ta  u nd e r  c o n d i t i o n s  of a c o n s t a n t  r a t i o  equal  
to  a s m a l l  w h o le  n u m b er  b u t  i s  unab le  to  m ake  i n f e r e n c e s  when  
th e  r a t i o  i s  not  equal  t o  a s m a l l  w h o le  n u m b er  e x h ib i t s  
r e a s o n in g  p a t t e r n s  a p p l i e d  a t  a c o n c r e t e  level  a s  oppo sed  to  a 
fo r m a l  level  of though t .  Many s t u d i e s  have  r e v e a l e d  t h a t  a 
l a rg e  f r a c t i o n  of s e c o n d a r y  schoo l  s t u d e n t s  do n o t  u se  
p r o p o r t i o n s  s u c c e s s f u l l y  to  so lv e  s i m p l e  c o n s t a n t  r a t i o  t a s k s  
(K urtz  & Karplus ,  1979).
In t ro d u c to ry  c h e m i s t r y  c o u r s e s  a t  bo th  s e c o n d a r y  and 
c o l l e g e  l e v e l s  c o n ta in  m any  h igh ly  c o n c e p tu a l  and q u a n t i t a t i v e
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t o p i c s  r e q u i r in g  s t u d e n t s  to  fu n c t io n  a t  a  fo rm a l  o p e ra t io n a l  
level  in o r d e r  to  a t t a i n  c o m p re h e n s io n  (G oods te in  & Howe,
1978;  W i l l ia m s ,  T urn e r ,  D ebreu l l i ,  F a s t ,  & B e r e s t i a n s k y ,  1979). 
F u r th e r m o r e ,  t h e  a b i l i t y  of  fo rm a l  o p e ra t io n a l  s t u d e n t s  to  
so lv e  p r o b le m s  involv ing  p ro p o r t io n a l  r e a so n in g  a p p e a r s  to  be 
a m a j o r  f a c t o r  c o n t r i b u t i n g  to  th e  s u c c e s s  fo rm a l  o p e ra t io n a l  
s t u d e n t s  have  in c h e m i s t r y  (K ra jc ik ,  1982). A r e c e n t  s tu d y  
i d e n t i f i e d  t e s t  i t e m s  on a v e r s io n  of th e  A m e r ic an  Chemica l  
S o c i e t y - N a t i o n a l  S c i e n c e  T e a c h e r s  A s s o c i a t io n  High School 
C h e m is t r y  A c h ie v e m e n t  E x am in a t io n  (ACS exam )  t h a t  
d i s c r i m i n a t e d  b e t w e e n  fo r m a l  and non fo rm al  o p e ra t io n a l  
s t u d e n t s  and e x p lo re d  t h e  r e a s o n in g  p a t t e r n s  r e q u i r e d  by t h e s e  
i t e m s  (K ra jc ik  & Haney, 1987). It w a s  found t h a t  ove r  50% of 
th e  d i s c r i m i n a t i n g  t e s t  i t e m s  in th e  a n a l y s i s  involved  th e  u se  
of p ro p o r t io n a l  rea son in g .  S in c e  th e  ACS exam  is  th e  b e s t  
s in g le  p r e d i c t o r  of t h e  c o l l e g e  c h e m i s t r y  g ra d e  (S ievek in g  & 
S a v i t s k y ,  1969) ,  p r o p o r t io n a l  r e a s o n in g  i s  e s s e n t i a l  fo r  
s t u d e n t  s u c c e s s .
Many r e s e a r c h e r s  have  e m p h a s i z e d  th e  need  to  deve lop  and 
im p le m e n t  s t r a t e g i e s  to  a s s i s t  s t u d e n t s  in moving  t o w a r d  
m o re  log ica l  thought .  For e x am p le ,  p r o b le m s  involv ing  fo rm al  
r e a s o n in g  a r e  g r a s p e d  m o r e  e a s i l y  w h en  th e y  a r e  i n i t i a l l y  
p r e s e n t e d  a t  a  c o n c r e t e  level  (Kavanaugh & Moomaw, 1981). 
Thus c a r e f u l l y  p lan ned  i n s t r u c t i o n a l  s t r a t e g i e s  w h ic h  a re
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b a se d  on a kn ow led ge  of t h e  d i f f e r e n c e s  in c o n c r e t e  and fo rm a l  
th o u g h t  p r o c e s s e s  may p roduce  im p r o v e m e n t s  in i n s t r u c t i o n  
w h ic h  can  n a r ro w  th e  gap b e tw e e n  th e  a c h i e v e m e n t  of fo rm a l  
o p e ra t io n a l  s t u d e n t s  and c o n c r e t e  o p e ra t io n a l  s t u d e n t s  (Cantu 
& Herron,  1978).
A r e v i e w  of r e s e a r c h  on fo rm a l  r e a s o n in g  and s c i e n c e  
t e a c h in g  (Lawson,  1985)  d e m o n s t r a t e d  t h a t  P i a g e t i a n  r e s e a r c h  
a s  w e l l  a s  t h a t  w h ic h  h a s  sp rung  f rom  it,  h a s  p rov ided  an 
i m p o r t a n t  background  f ro m  w h ich  to bui ld  i n s t r u c t i o n a l  
p r o g r a m s  t h a t  can  a s s i s t  in he lp ing  s t u d e n t s  to  th ink  wel l .  
I n t e r e s t  in t r a i n in g  s t u d i e s  h a s  n o t  been  in a c c e l e r a t i n g  
i n t e l l e c t u a l  d e v e lo p m e n t ,  b u t  in d i s c o v e r in g  w h e t h e r  so m e  
s o r t  of e d u c a t io n a l  i n t e r v e n t i o n  can  be of va lue ,  fo cu s in g  on 
th e  key i s s u e s  of g e n e r a l i z a b i  1 i ty  and r e t e n t io n .  The e x t e n t  to  
w h ic h  th e  t r a i n in g  t r a n s f e r s  to  novel t a s k s  and novel  a s p e c t s  
of r e a s o n in g  d e p end s  upon t h e  l eng th  and d i v e r s i t y  of t r a in in g  
e x p e r i e n c e s  and t h e  e x t e n t  to  w h ic h  s t u d e n t s  a r e  c o n f r o n te d  
w i t h  th o u g h t  provoking  s i t u a t i o n s  and p lac ed  in c o n t ro l  of 
t h e i r  own a c t io n s .  T h ese  i m p l i c a t i o n s  of th e  L aw son  r e v i e w  
s u g g e s t e d  t h a t  c o u r s e s  in m any  d i s c ip l i n e s  need  to  b e co m e  
d i r e c t l y  c o n c e rn e d  w i t h  t h e  d e v e lo p m e n t  of fo rm a l  reason ing .
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Prob lem  Solv ing  
P r io r  to  th e  1950 's ,  G e s t a l t  t h e o r i s t s  w h o s e  ph i losophy  
w a s  b a se d  upon t h e  mind being  sh aped  by a s e t  of  unde r ly ing  
c a t e g o r i e s  or h y p o th e s e s  b e l i ev e d  t h a t  u n d e r s t a n d in g  th e  
p rob lem  a s  a w h o le  w a s  e s s e n t i a l  f o r  s u c c e s s f u l  p rob lem  
so lv in g  (H e l le r  & Hungate,  1985). They w e r e  i n t e r e s t e d  in 
sudden  i n s i g h t s  dur ing  p ro b lem  so lv in g  and s a w  p rob lem  
so lv in g  r e q u i r in g  t h e  i n t e g r a t i o n  of p re v io u s ly  l e a rn e d  
r e s p o n s e s  in novel ways .
The p r e d o m in a n t  th e o ry ,  h o w e v e r ,  p e rv a d in g  p r o b l e m ­
so lv in g  r e s e a r c h  d u r ing  t h e  f i r s t  h a l f  of  th e  t w e n t i e t h  c e n tu r y  
w a s  b e h a v io r i s m  i n t i a t e d  by J.  B. W a tso n  and p e r p e t u a t e d  by 
p s y c h o l o g i s t s  su c h  a s  B.F. S k in ne r  and E. L. Thornd ike  (Gardner ,  
1985).  The b e h a v i o r i s t s  c o n c e rn e d  t h e m s e l v e s  m o re  w i t h  
g e n e ra l  c o n n e c t io n s  b e t w e e n  a c t i o n s  p e r f o r m e d  by t h e  p rob lem  
s o l v e r  and c o n d i t i o n s  unde r  w h ic h  a c t i o n s  w e r e  p e r fo rm ed .
The e m p h a s i s  w a s  on a m o re  g e n e ra l  d o m a in - in d e p e n d e n t  
p r o b l e m - s o l v in g  approach.
J e a n  P i a g e t ' s  hum an c o g n i t i v e  d e v e lo p m e n ta l  r e s e a r c h  a s  
w e l l  a s  G e s t a l t  p sycho logy  k e p t  t h e  "co g n i t iv e  f l am e"  a l iv e  
dur ing  th e  p e r io d  of  b e h a v io r i s m  (Gardner ,  1985,  p. 118). With 
th e  a d v en t  of c o m p u t e r s  in th e  1 9 5 0 's  and t h e  w ork  of  such  
m en  a s  George M il le r  and J e r o m e  Bruner,  c o g n i t i v e  s c i e n c e  
e m e rg e d  a s  a c r e d i t a b l e  f i e l d  r e s u l t i n g  in a  n ew  e m p h a s i s  on
16
p rob lem  solving.  G ardner  ( 1 9 8 5 )  d e f i n e s  c o g n i t i v e  s c i e n c e  a s  
fo l low s :
"A c o n te m p o ra ry ,  e m p i r i c a l l y  b a se d  e f f o r t  to  a n s w e r  
l o n g - s t a n d in g  e p i s t e m o l o g i c a l  q u e s t i o n s  -  p a r t i c u l a r l y  
t h o s e  c o n ce rn e d  w i t h  th e  n a tu r e  of k no w ledg e ,  i t s  
c o m p o n e n ts ,  i t s  s o u r c e s ,  i t s  d e v e lo p m e n t ,  and i t s  
deploym ent ."  (p. 6)
S c h o e n fe ld  ( 1 9 8 5 )  s u g g e s t s  t h a t  t h e  c e n t r a l  i s s u e s  in 
c o g n i t i v e  p sycho logy  can  be r e p r e s e n t e d  in t h e  f o l lo w in g  
q u e s t io n s :
1. "What i s  t h e  n a t u r e  of th e  k n o w le d g e  t h a t  in d iv id u a ls
have  a t  t h e i r  d i s p o s a l ? "
2. "How is  such  k n o w le d g e  o rg a n iz e d  and a c c e s s e d  fo r
use ?"  (p. 4 6 )
In i t i a l l y  p r o b l e m - s o l v in g  r e s e a r c h  in c o g n i t i v e  s c i e n c e  d e a l t  
w i t h  w e l l - s t r u c t u r e d ,  p u z z l e - l i k e  p r o b le m s  s e a r c h i n g  fo r  
a n s w e r s  to  t h e s e  q u e s t io n s .  R ece n t ly ,  h o w e v e r ,  c o g n i t i v e  
p s y c h o l o g i s t s  a s  w e l l  a s  m a t h e m a t i c s  and s c i e n c e  e d u c a t o r s  
have  b e c o m e  i n t e r e s t e d  in how t h e  l e a r n e r  t h in k s  in s u b j e c t  
a r e a s  in w h ic h  s u c c e s s  i s  d e p e n d e n t  on d o m a i n - s p e c i f i c  
k n o w led g e  and p r o b l e m - s o l v in g  s k i l l s  (Mayer, 1985;  
S c h o e n fe ld ,  1985),
S in c e  many s t u d i e s  hav e  i n d ic a t e d  t h a t  s u c c e s s f u l  p ro b lem  
so lv in g  r e q u i r e s  a s u b s t a n t i a l  a m o u n t  of q u a l i t a t i v e  r e a s o n in g
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(Camacho & 6ood, 1986;  G reenbow e,  1983;  N urrenbern ,  1979),  
c o n s i d e r a t i o n  m u s t  be g iven  to  th e  l e a r n e r ' s  p r io r  k now ledge  
a s  w e l l  a s  th e  l e a r n e r ' s  r e a s o n in g  s t r a t e g i e s .  R easoning  
s t r a t e g i e s  a r e  e s s e n t i a l  t o  p rob lem  so lv in g  (Linn, in p ress ) .  
T h ese  s t r a t e g i e s  e n ab le  p ro b lem  s o l v e r s  to  g e n e r a t e  o rd e r ly  
r e l a t i o n s h i p s  out  of t h e i r  e x p e r i e n c e s  t h u s  g e n e r a t i n g  m o re  
m ean in g fu l  know ledge ,  (L aw son ,  1979). D o m a in - s p e c i f i c  
k n o w led g e  and r e a s o n in g  s t r a t e g i e s  a r e  c o m p l im e n ta r y ;  
h ow ever ,  p o s s e s s i o n  of one  does  no t  e n s u r e  t h a t  t h e  o t h e r  is  
p re s e n t .  Cam acho  and Good ( 1 9 8 6 )  found t h a t  s im p ly  having 
m ore  kn ow ledg e  did not  e n s u r e  s u c c e s s  w h en  so lv in g  c h em ic a l  
e q u i l ib r iu m  p r o b le m s ,  a l th o u g h  g r e a t e r  u n d e r s t a n d in g  does  
i n c r e a s e  p r o b l e m - s o l v in g  a b i l i ty .
D o m a in - s p e c i f i c  k n o w ledg e ,  s o m e t i m e s  r e f e r r e d  to  a s  
d e c l a r a t i v e  k n o w le d g e  o r  v e rb a l  kn o w le d g e  (Gagne, 1980),  
c o n s i s t s  of o rg an iz ed  p r i n c i p l e s ,  c o n c e p ts ,  and fo rm u la s .  
S t u d i e s  of e x p e r t s  so lv in g  p r o b le m s  c o n d u c te d  by H e l le r  and 
Reif  ( 1 9 8 4 )  have  s u g g e s t e d  t h a t  k n o w le d g e  i s  h i e r a r c h i c a l l y  
o rg an iz ed ,  a r r a n g e d  on d i f f e r e n t  l e v e l s  of d e ta i l .  In a n o th e r  
s tu d y  co n d u c ted  by S m i t h  and Good (1 9 8 4 ) ,  t h e  p r o b le m ­
so lv in g  s k i l l s  of e x p e r t s  and  n o v ic e s  w e r e  a n a ly z e d  a s  th ey  
w e r e  a sk e d  to  th in k  a loud  w h i l e  so lv in g  s t a n d a r d  tex tb o o k  
p r o b le m s  in g e n e t i c s .  They a l s o  found t h a t  e x p e r t s '  c o n te n t  
k no w le d g e  w a s  m o r e  h i e r a r c h i c a l l y  a r r a n g e d  b a s in g  t h i s
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f ind ing  on th e  i n i t i a l  a m o u n t  of t i m e  s p e n t  w i t h  q u a l i t a t i v e  
d e s c r ip t io n s .
Chi, F e l to v ic h  and G la s e r  ( 1 9 8 1 )  a s  w e l l  a s  a l a t e r  s tu d y  by 
de Jo n g  and F e r g u s o n - H e s s l e r  ( 1 9 8 6 )  s u g g e s t e d  t h a t  know ledge  
is  o rg a n iz e d  by p ro b lem  typ es .  Once th e  l e a r n e r  r e a l i z e s  th e  
t y p e  of p ro b lem  f ro m  t h e  d e s c r i p t i o n ,  d e c l a r a t i v e  and 
p ro ce d u ra l  k n o w le d g e  n e ed ed  b e c o m e s  av a i lab le .  In a s tu d y  
c o n d u c ted  by Chi and o t h e r s  involving e x p e r t  p h y s i c i s t s  and 
n ov ice  p h y s i c s  s t u d e n t s  a s k e d  to  s o r t  m e c h a n i c s  p ro b lem s ,  
r e s u l t s  in d ic a t e d  t h a t  n o v ic e s  s o r t e d  p r o b le m s  b a se d  on 
p h y s ic a l  o b j e c t s  su c h  a s  p u l le y s  and in c l in ed  p la n e s  w h i l e  
e x p e r t s  s o r t e d  on t h e  b a s i s  of p h y s i c s  p r i n c i p l e s  t h a t  w e r e  
a p p l i c a b l e  to  th e  p r o b l e m s  b u t  w e r e  n o t  m e n t io n e d  in th e  
p ro b lem  s t a t e m e n t s .  In t h e  de Jo n g  and F e r g u s o n - H e s s l e r  
s tu d y ,  i t  w a s  s u g g e s t e d  t h a t  w i t h i n  p ro b lem  ty p e s ,  th e  
k n o w le d g e  is  h i e r a r c h i c a l l y  a r ranged .
The p r o b l e m - s o l v in g  p r o c e s s  inv o lves  p ro ce d u ra l  k n o w led ge  
o r  a s  Gagne r e f e r s  to  i t  a s  i n t e l l e c t u a l  s k i l l s ,  know ing  how to  
so lv e  th e  prob lem . In s tu d y in g  th e  p r o b l e m - s o l v in g  p r o c e s s ,  
m any  s t u d i e s  have  been  c o n d u c te d  t o  i d e n t i f y  d i f f e r e n c e s  
b e t w e e n  s u c c e s s f u l  and u n s u c c e s s f u l  p ro b lem  s o lv e r s .  S imon 
and S im on (H e l le r  & Hungate ,  1985)  a n a ly z e d  d i f f e r e n c e s  
b e t w e e n  e x p e r t  and  n o v ic e s  a s  th e y  so lv e d  k i n e m a t i c s  
p r o b le m s  in p h y s ic s .  They found t h a t  e x p e r t s  s e e m e d  to  so lv e
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p r o b le m s  a u t o m a t i c a l l y  a s  th ey  w o rk e d  f ro m  t h e  given 
in f o r m a t io n  to  t h e  unknown, w h i l e  n o v ic e s  w o rk e d  b ack w ard s .  
A lso  th e  no v ice 's  ap p ro a ch  w a s  a lg e b ra ic ,  going s t r a i g h t  to  a 
f o r m u la  to  plug in n u m b e r s  fo r  a so lu t ion .  The e x p e r t ' s  in i t i a l  
ap p ro a ch  involved  a q u a l i t a t i v e  d e s c r i p t i o n  invo lv ing  a d e ep e r  
u n d e r s t a n d in g  of th e  d o m a i n - s p e c i f i c  k n o w le d g e  t h a t  S imon 
and S im on ca l l  "phys ica l  in tu i t io n "  (p. 86). The r e s u l t s  of th e  
S m i th  and Good s tu d y  ( 1 9 8 4 )  c o n c u r re d  w i t h  t h e  S imon and 
Simon study.  In a d d i t io n ,  th ey  found t h a t  am ong th e  s t r a t e g i e s  
u se d  by th e  e x p e r t s  w a s  a s e r i e s  of c h e c k s  on t h e  c o r r e c t n e s s  
of t h e  so lu t io n .
Larkin  (H e l le r  & Hungate ,  1985)  o b se rv e d  p h y s i c i s t s  so lv ing  
c o m p lex  p r o b le m s  in m ec h an ics .  T h is  s tu d y  r e v e a l e d  d e t a i l e d  
q u a l i t a t i v e  d e s c r i p t i o n s  u sed  by t h e  e x p e r t s  i n i t i a l l y  in 
so lv in g  p r o b le m s  b e f o r e  any e q u a t io n s  w e r e  g e n e ra te d .  F i r s t  
t h e  e x p e r t s  d rew  s k e t c h e s  r e p r e s e n t i n g  th e  p h y s ic a l  s i t u a t i o n  
d e s c r i b e d  in t h e  p rob lem  and th en  d rew  m o re  a b s t r a c t  
d i a g r a m s  r e p r e s e n t i n g  t h e  p rob lem  in t e r m s  of  c o n c e p t s  f rom  
t h e i r  k n o w le d g e  of phys ic s .  Also  dur ing  t h e  q u a l i t a t i v e  phase ,  
e x p e r t s  e x p lo re d  a l t e r n a t i v e  w a y s  to  so lv e  th e  p rob lem  a t  a 
v e ry  g e n e ra l  level.  The w r i t i n g  of an e q u a t io n  s ig n a le d  th e  
s e l e c t i o n  of th e  ap p ro a ch  to  be u se d  and t h e  end of  th e  
q u a l i t a t i v e  phase .  Novices  t e n d e d  n o t  to  u n d e r s t a n d  or 
p e r c e i v e  p r o b le m s  in t e r m s  of f u n d a m e n ta l  p r i n c i p l e s  and th u s
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did not  c o n s t r u c t  p ro b lem  r e p r e s e n t a t i o n s  t h a t  w e r e  he lp fu l  in 
o b ta in in g  so lu t io n s .
E x p e r t s  a c q u i r e  t h e i r  k n o w led ge  and develop  p r o b le m ­
so lv ing  s t r a t e g i e s  th ro u gh  y e a r s  of exp er ien ce .  Thus i t  is 
h ighly  im probab le  t h a t  n o v ic e s  can be qu ick ly  t a u g h t  to  be 
e x p e r t s ;  h o w e v e r  a m o re  r e a l i s t i c  goal may be "exp e r t  novice" 
p e r f o r m a n c e  (H e l le r  & Hungate, 1985,  p. 90). A novice  a t  t h i s  
p o in t  would  be ab le  to  so lv e  p ro b le m s ,  bu t  no t  n e c e s s a r i l y  by 
th e  s a m e  p r o c e s s e s  a s  t h e  e x p e r t s .  Id en t i fy in g  e f f e c t i v e  
p ro b le m - s o lv in g  p r o c e s s e s  to  t e a c h  s t u d e n t s  i s  r e f e r r e d  to  a s  
p r e s c r i p t i v e .  H e l le r  and R e if  ( 1 9 8 4 )  f o r m u l a t e d  and t e s t e d  a 
p r e s c r i p t i v e  model  of e f f e c t i v e  hum an p r o b le m - s o lv in g  in th e  
a r e a  of m e c h a n ic s  in p h y s ic s .  A ccord ing  to  t h e i r  m odel ,  the  
i n i t i a l  d e s c r i p t i o n  w a s  in t w o  p a r t s :  (a)  th e  b a s i c  d e s c r i p t i o n  
t h a t  s u m m a r i z e d  t h e  g iven  i n f o r m a t i o n  in th e  p rob lem  unknown 
a s  w e l l  a s  a d iag ra m  or  p i c t u r e  and (b) t h e  t h e o r e t i c a l  
d e s c r i p t i o n  e x p r e s s e d  in t e r m s  of s p e c i f i c  c o n c e p t s  and 
p r in c ip le s .  The p r e s c r i p t i v e  model  s p e c i f i e d  th e  e x a c t  s t e p s  
a pp l ied  to  g e n e r a t e  t h e  t h e o r e t i c a l  d e s c r ip t io n .  The s tu d y  w a s  
d es ig n ed  to  induce  n o v ic e s  to  g e n e r a t e  t h e o r e t i c a l  
d e s c r i p t i o n s  by be ing  p l a c e d  unde r  e x t e r n a l  c o n t ro l  by th e  u se  
of d e t a i l e d  s t e p - b y - s t e p  d i r e c t i o n s .  They found t h a t  t h e s e  
l e a r n e r s  w e r e  no t  only a b le  to  g e n e r a t e  e x p l i c i t  and c o r r e c t  
d e s c r i p t i o n s  of t h e  m o t io n  and i n t e r a c t i o n  of s y s t e m s  in
r
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m e c h a n i c s  p r o b le m s  bu t  a l s o  t h a t  t h e s e  d e s c r i p t i o n s  
f a c i l i t a t e d  s u b s e q u e n t  c o n s t r u c t i o n  of  c o r r e c t  p rob lem  
s o lu t io n s .
C h e m i s t r y  P rob lem  Solv ing
P ro p o r t io n a l  r e a s o n in g  a t  t h e  fo rm a l  o p e ra t io n a l  level  is 
r e l a t e d  to  s t u d e n t s '  s u c c e s s  in lea rn in g  c h e m i s t r y  and 
e x p e r i m e n t a l  e v id e n c e  s u g g e s t s  t h a t  a s i g n i f i c a n t  n u m b er  of 
c o l l e g e  f r e s h m e n  have  n o t  a t t a i n e d  t h a t  level  of th o u g h t  
(McKinnon & Renner,  1971;  Ward & Herron, 1980;  W h ee le r  & 
Kass ,  1977). In a s tu d y  ( n = 2 7 6 - 3 5 9 )  c o n d u c ted  in A u s t r a l i a  
w i t h  high schoo l  c h e m i s t r y  s t u d e n t s  (Chandran,  T r e a g u s t ,  & 
Tobin, 1987) ,  p r i o r  k n o w le d g e  in c h e m i s t r y  and fo rm a l  
r e a s o n in g  a b i l i t y  w e r e  found to  be s i g n i f i c a n t l y  r e l a t e d  to 
c h e m i s t r y  a c h ie v e m e n t .
In a s tu d y  of i n t r o d u c to r y  c o l l e g e  c h e m i s t r y  s t u d e n t s  
(n=225) ,  p ro p o r t io n a l  r e a s o n in g  s k i l l s  w e r e  found to  have  th e  
s t r o n g e s t  r e l a t i o n s h i p  to  p e r f o r m a n c e  in bo th  l e c t u r e  and 
l a b o r a to r y  c l a s s e s  (B ender  & M ilakofsky,  1982). S in c e  
p ro p o r t io n a l  r e a s o n in g  p l a y s  an i m p o r t a n t  r o l e  in m e t r i c  
c o n v e r s io n s ,  m o le  c o n c e p t s ,  and s t o i c h i o m e t r y ,  s t u d e n t s  w e ak  
in t h i s  a r e a  w i l l  e n c o u n t e r  d i f f i c u l t i e s .  High schoo l  s t u d e n t s  
(n=266)  in s t i l l  a n o th e r  s t u d y  t e n d e d  to  so lv e  p r o b le m s  
involv ing  t h e  m o le  c o n c e p t ,  g a s  l a w s ,  s t o i c h i o m e t r y ,  and 
m o l a r i t y  r e ly in g  s t r i c t l y  on a l g o r i t h m i c  m e th o d s  and did  no t
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u n d e r s t a n d  th e  c h e m ic a l  c o n c e p t s  on w h ic h  t h e  p r o b le m s  w e r e  
b a s e d  (Gabel,  S h e rw oo d ,  & Enochs, 1984).  G reenb o w e  ( 1 9 8 3 )  
found t h a t  u n s u c c e s s f u l  p ro b lem  s o l v e r s  f o c u s e d  on an 
i n a c c u r a t e l y  b a la n c e d  e q u a t io n  and u se d  an a lg o r i th m ,  f a c t o r -  
label  m e tho d ,  to  g e n e r a t e  an i n c o r r e c t  a n s w e r .  Even th e  
s t u d e n t s  in h i g h - a b i l i t y  c l a s s e s  in high schoo l  r e s o r t e d  t o  
u s in g  a f o r m u la  r a t h e r  t h a n  a p ro p o r t io n a l  a p p ro a ch  (A nam uah-  
Mensah,  1986;  Gabel & S h e rw oo d ,  1983). S t u d e n t s  w ho  can  u se  
f o rm a l  o p e r a t io n a l  r e a s o n in g  p a t t e r n s  a r e  c a p a b le  of  a  g r e a t e r  
d e g re e  of a c h i e v e m e n t  in high school  c h e m i s t r y  t h a n  s t u d e n t s  
who  c a n n o t  u se  t h e s e  r e a s o n in g  p a t t e r n s  (A nam uah-M ensah ,  
E r ickson ,  & G aske l l ,  1987). S t r a t e g i e s  f o r  deve lop ing  
r e a s o n in g  s k i l l s  a r e  needed  f o r  bo th  c o n c r e t e  and fo rm a l  
o p e r a t io n a l  t h i n k e r s  if  t h e s e  s t u d e n t s  a r e  t o  be s u c c e s s f u l  in 
c h e m i s t r y  p ro b lem  solv ing .
C o o p e ra t iv e  Grouping 
D i f f e r e n t  t e a c h i n g  m e th o d o lo g ie s  a r e  needed  f o r  t h o s e  
s t u d e n t s  who  hav e  d i f f i c u l t y  r e a s o n in g  a t  a  f o r m a l  level.  
R e s e a r c h  h a s  sh o w n  t h a t  s t u d e n t s  who  p a r t i c i p a t e  in w ho le  
c l a s s  s e t t i n g s  t e n d  to  be high  f o rm a l  t h i n k e r s  (Chandran  e t  al., 
1987). It  i s  s u g g e s t e d  t h a t  in o r d e r  t o  c a t e r  t o  t h e  n e e d s  of 
s t u d e n t s  who  a r e  n o t  fu n c t io n in g  a t  a  fo rm a l  o p e r a t i o n a l  leve l ,  
p r o v i s io n  shou ld  be m ad e  f o r  s m a l l  group w o rk  so  t h a t  all  
s t u d e n t s  have  an equal  o p p o r tu n i ty  to  p a r t i c i p a t e .  In a d d i t io n ,
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v e r b a l i z a t i o n  h a s  t h e  e f f e c t  of  m ak ing  s t u d e n t s  th in k  of  new 
w a y s  to  v ie w  p r o b le m s  and f a c i l i t a t e s  bo th  th e  d i s c o v e r y  of 
g e n e ra l  p r i n c i p l e s  and t h e i r  e m p lo y m e n t  in so lv in g  s u c c e s s i v e  
p r o b le m s  (Gagne & S m i th ,  1962). In t w o  r e c e n t  s t u d i e s  w i t h  
i n t r o d u c to r y  c o l l e g e  c h e m i s t r y  s t u d e n t s ,  a c h i e v e m e n t  
i n c r e a s e d  w i t h  t h e  group  d i s c u s s i o n  ap p ro a ch  (Fasch in g  & 
Erickson ,  1985; Frank & Herron,  1987).  P la c in g  s t u d e n t s  in 
c o n t ro l  of  t h e i r  own a c t i o n s  and in t h o u g h t  provoking  
s i t u a t i o n s  i n c r e a s e s  t h e  p r o b a b i l i t y  of  f o rm a l  r e a s o n in g  
d e v e lo p m e n t  (Lawson,  1985).
Jo h n s o n  and J o h n s o n  ( 1 9 8 3 )  d e m o n s t r a t e d  t h a t  a p a r t i c u l a r  
ty p e  of  grouping ,  c o o p e r a t i v e  lea rn in g ,  p r o m o t e s  t h e  u s e  of 
h ig h e r  r e a s o n in g  s t r a t e g i e s  and g r e a t e r  c r i t i c a l  th in k in g  
c o m p e te n c i e s .  T h e i r  w o rk  is  b a s e d  upon a t h e o r y  of 
c o o p e r a t i o n  ap p l ied  to  t h e  fu n c t io n in g  of s m a l l  g roups  
p ro p o se d  by Morton Deutsch .  D e u t s c h ' s  e a r ly  s t u d i e s  ( 1 9 4 9 )  
e x a m in e d  t h e  e f f e c t s  of  c o o p e r a t i o n  and c o m p e t i t i o n  upon th e  
group p ro c e s s .
In c o o p e r a t i v e  l e a rn in g  g roups ,  t h e  m e m b e r s h ip  i s  t y p i c a l l y  
h e t e r o g e n e o u s  in a b i l i t y  and p e r s o n a l  c h a r a c t e r i s t i c s  w i t h  a ll  
m e m b e r s  s h a r in g  r e s p o n s i b i l i t y  f o r  e ac h  o t h e r ' s  l e a rn in g  
(Johnson ,  Jo h n so n ,  Holubec, & Roy, 1984).  The key f e a t u r e  t h a t  
d i s t i n g u i s h e s  c o o p e r a t i v e  group ing  f ro m  o t h e r  l e a rn in g  
e n v i r o n m e n t s  i s  t h e  I n t e r a c t i o n s  am ong  s t u d e n t s  (Webb, 1982).
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A m e t a - a n a l y s i s  of 122 s t u d i e s  of t h e  e f f e c t s  of 
c o o p e r a t iv e ,  c o m p e t i t i v e ,  and in d iv i d u a l i s t i c  goal s t r u c t u r e s  
on a c h i e v e m e n t  s u g g e s t s  t h a t  c o o p e r a t i v e  grouping  is  m ore  
e f f e c t i v e  t h a n  i n t e r p e r s o n a l  c o m p e t i t i v e  and in d iv i d u a l i s t i c  
e f f o r t s  (Johnson ,  Maruyama,  Jo h nso n ,  Nelson,  & Skon (1981) .  
With t h e  a d d i t io n  of  a r e q u i r e d  group p ro d u c t  t h e  p o s i t i v e  
e f f e c t  of t h e  c o o p e r a t i v e  group ing  i n c r e a s e s  .
A r e v i e w  by Webb ( 1 9 8 2 )  f o c u s e d  on th e  i n t e r a c t i o n  
p r o c e s s e s  o c c u r r in g  w i t h i n  s m a l l  g roups  and t h e i r  r e l a t i o n s h i p  
among a c h i e v e m e n t ,  c o g n i t i v e  p r o c e s s ,  and r e w a r d  s t r u c t u r e .  
E x am in a t io n  of  t h e s e  s t u d i e s  s u g g e s t e d  t h a t  s t u d e n t  a b i l i t y  
and r e w a r d  s t r u c t u r e  had t h e  m o s t  c o n s i s t e n t  r e l a t i o n s h i p  
w i t h  s t u d e n t  i n t e r a c t i o n .  S p e c i f i c a l l y ,  he lp ing  b eh av io r  
e x h ib i t e d  by s t u d e n t s  c o r r e l a t e d  p o s i t i v e l y  to  a c h i e v e m e n t  and 
t h i s  h e lp ing  b e h a v io r  w a s  c h a r a c t e r i s t i c  of h e te r o g e n e o u s  
a b i l i t y  groups .  R e w a rd in g  s t u d e n t s  f o r  t h e  a c h i e v e m e n t  of 
o t h e r s  in a d d i t io n  t o  t h e i r  ow n  a c h ie v e m e n t  p r o m o te d  
c o o p e r a t i o n  am ong s t u d e n t s  and a t t e n t i o n  t o  ta sk .  In ad d i t ion ,  
r e w a r d i n g  f o r  a c h i e v e m e n t  of a l l  group m e m b e r s  p ro m o te d  
h e lp ing  behavior .
In a r e v i e w  of 2 8  p r i m a r y  f i e ld  p r o j e c t s  l a s t i n g  a t  l e a s t  
t w o  w e e k s  in w h ic h  c o o p e r a t i v e  l ea rn in g  m e t h o d s  w e r e  u se d  in 
e l e m e n t a r y  o r  s e c o n d a r y  c l a s s r o o m s ,  t h e  p a t t e r n  of f in d in g s  
s u p p o r t e d  t h e  u t i l i t y  of c o o p e r a t i v e  l ea rn in g  m e th o d s  in
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g en era l  f o r  In c r e a s in g  s t u d e n t  a c h i e v e m e n t  (S lav ln ,  1980).
The m a j o r  i m p l i c a t i o n s  f ro m  t h i s  r e v i e w  s u g g e s t  t h a t  f o r  high 
level  c o g n i t iv e  lea rn in g  o u tc o m e s ,  such  a s  id e n t i fy in g  
c o n c e p t s  and an a ly z in g  p ro b le m s ,  l e s s  s t r u c t u r e d  c o o p e r a t iv e  
t e c h n iq u e s  t h a t  involve  high s t u d e n t  au tonom y and 
p a r t i c i p a t i o n  in d e c i s i o n - m a k i n g  may be m o re  e f f e c t i v e  t h a n  
t r a d i t i o n a l  i n d iv i d u a l i s t i c  te c h n iq u e s .  Kurtz  and K arp lus  
( 1 9 7 9 )  a l s o  s u g g e s t e d  t h a t  s t u d e n t s  be given m o re  a u tonom y 
t h u s  m o re  o p p o r tu n i ty  to  look a t  r e l a t i o n s  f ro m  t h e i r  ow n 
p o in t  of v iew ,  to  r a i s e  q u e s t i o n s  and to  s e ek  a n s w e r s  to  t h e s e  
q u e s t i o n s  in t h e i r  own way, They rec o m m e n d e d  t h a t  p ro v i s io n  
f o r  t h i s  au to no m y  be in s m a l l  g roups  w h e r e  m o t i v a t i o n  w a s  
h ig h e r  th a n  w hen  s t u d e n t s  w o rk e d  on an indiv idua l  ba s is .
Sha ran  ( 1 9 8 0 )  e x am in e d  v a r io u s  t e a m - l e a r n i n g  m e th o d s  
b a se d  upon c o o p e r a t i v e  learning.  He a l s o  r e p o r t e d  s u p e r i o r  
p e r f o r m a n c e  a c a d e m ic a l l y  f o r  s t u d e n t s  w ork in g  in sm a l l  
g roups  a s  c o m p a re d  t o  t h o s e  in t r a d i t i o n a l  c l a s s r o o m s ;  
h o w e v e r  he s t a t e d  t h a t  t h e s e  g a in s  w e r e  not  c o n s i s t e n t  f o r  a ll  
s t u d e n t  groups. As an ex am p le ,  Sh a ran  c i t e s  one s tu d y  us ing  a 
t e a m - l e a r n i n g  m e th o d  r e f e r r e d  to  a s  J i g s a w  r e s u l t i n g  in g a in s  
f o r  m in o r i t y  c h i ld r e n  but  n o t  w h i t e  ch i ld ren .
Reif  ( 1 9 8 4 )  h a s  p o in te d  t o  t h e  m eth od o log y  u se d  by 
t e a c h e r s  in p ro b lem  so lv in g ,  m ode l ing  e x a m p le s  of  p ro b lem  
s o l u t i o n s  fo l lo w e d  by s t u d e n t s  p r a c t i c i n g  r e l a t e d  p ro b le m s ,  a s
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being  n e i t h e r  v e ry  e f f i c i e n t  nor e f f e c t i v e .  C u r ren t  e s t i m a t e s  
i n d i c a t e  t h a t  o v e r  85% of i n s t r u c t i o n  w i t h i n  s c h o o l s  invo lves  
l e c t u r e s ,  individual  s e a t w o r k ,  or  c o m p e t i t i o n  w h e r e  s t u d e n t s  
a r e  i s o l a t e d  f ro m  one a n o th e r ,  " fo rb idden  to  i n te r a c t " ,  and 
" p i t t e d  a g a i n s t  e ach  o ther"  ( Johnson  & Joh n so n ,  1983,  p. 125). 
W h ereas  c o o p e r a t i o n  and t h e  i m p o r t a n c e  of p e e r  r e l a t i o n s h i p s  
f o r  c o n s t r u c t i v e  s o c i a l i z a t i o n  and c o g n i t iv e  d e v e lo p m e n t  have 
been  la rg e ly  ignored  in our  s o c i e ty ,  r e s e a r c h  h as  sh o w n  p e e r  
c o o p e r a t i v e  group i n t e r a c t i o n  can  p o s i t i v e l y  a f f e c t  s t u d e n t s '  
a c h i e v e m e n t  ( Jo h nso n  & Jo h n s o n ,  1983). T h is  i s  s u b s t a n t i a t e d  
in a s tu d y  c o n d u c te d  by J o h n s o n  ( 1 9 8 6 )  ex am in in g  th e  u se  of 
c o o p e r a t i v e  l e a rn in g  to  im p ro ve  p r o b l e m - s o l v in g  s k i l l s  in 
m a t h e m a t i c s  a t  th e  e l e m e n t a r y  g ra d e  leve ls .  At  t h e  ind iv idua l  
s t u d e n t  leve l ,  g ro u p s  of f o u r  c o n ta in in g  e l e m e n t s  of p e e r  
t u t o r i n g  and group i n v e s t i g a t i o n ,  s t u d e n t s  s c o r e d  s i g n i f i c a n t l y  
h ig h e r  on a p o s t a c h i e v e m e n t  t e s t  th a n  t h e  c o n t ro l  no t  u t i l i z i n g  
t h e  g rouping  s t r a t e g y .
Most  s t u d i e s  of group i n t e r a c t i o n  in s c i e n c e ,  h o w e v e r ,  have  
f o c u s e d  on th e  l a b o r a to r y  en v iro n m en t .  C o op e ra t iv e ,  
c o m p e t i t i v e ,  and ind iv idua l  s c i e n c e  l a b o r a to r y  i n t e r a c t i o n  
p a t t e r n s  and t h e i r  e f f e c t s  on s t u d e n t  a c h i e v e m e n t  have  
s u g g e s t e d  t h a t  c o o p e r a t i v e  l a b o r a to r y  w o rk  w i t h  
h e te r o g e n e o u s  a b i l i t y  grouping  im p ro v e s  o v e ra l l  c o g n i t i v e  
a c h i e v e m e n t  l e v e l s  (Okebukola  & Ogunniyi,  1984).  However ,
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L aw re n z  ( 1 9 8 5 )  found ho m ogeneous  grouping  in t h e  l a b o ra to ry  
m o re  e f f e c t i v e  th a n  h e te r o g e n o u s  grouping  in a s tu d y  
co n d u c ted  in a p h y s ic a l  s c i e n c e  c l a s s  f o r  e l e m e n t a r y  e d u c a t io n  
m a jo r s .
A r e c e n t  s t u d y  of i n t r o d u c to r y  c o l l e g e  c h e m i s t r y  co nd u c ted  
by Frank and Herron ( 1 9 8 7 )  f o c u s e d  on p r o b le m - s o lv in g  
s t r a t e g i e s  im p le m e n te d  w i t h i n  r e c i t a t i o n  g roups  t h a t  m e t  once 
a w eek  fo r  an hour. R e s u l t s  of th e  s tu d y  s u g g e s t  t h a t  sm a l l  
group i n t e r a c t i o n  in p ro b lem  so lv in g  on c h a l le n g in g  p ro b le m s  
c a r e f u l l y  d i r e c t e d  by an i n s t r u c t o r  can  lead  to  im p ro v e m e n t  on 
p r o b l e m - s o l v in g  t a s k s  and g ene ra l  a c h i e v e m e n t  in c h e m is t ry .  
Sm a l l  g ro u p s  w e r e  d e f in e d  a s  r e c i t a t i o n  g ro u ps  of 2 5 - 3 0  
s t u d e n t s .  S t u d e n t s  f o r m e d  s m a l l e r  g ro u ps  of t w o  o r  t h r e e  
w i t h i n  t h e  r e c i t a t i o n  group,  b u t  t h a t  g rouping  w a s  no t  a 
p lanned  p a r t  of th e  s tudy .  Frank and Herron  s u g g e s t e d  t h a t  
f u r t h e r  r e s e a r c h  is  n e ed e d  in a c o n t r o l l e d  s e t t i n g  f o r  t h a t  
p a r t i c u l a r  focus .
S u m m ary
T h is  r e v i e w  of r e l a t e d  l i t e r a t u r e  s u g g e s t s  a need  to  deve lop  
s t r a t e g i e s  to  a s s i s t  s t u d e n t s  in m oving  t o w a r d  m o re  logical  
thought .  S in ce  p r o p o r t io n a l  r e a s o n in g  a b i l i t y  i s  d i r e c t l y  
r e l a t e d  t o  s u c c e s s  in c h e m i s t r y  p ro b lem  s o lv in g  and a l a rg e  
p e r c e n t a g e  of h igh  schoo l  s t u d e n t s  a r e  u n a b le  t o  r e a s o n  
p r o p o r t io n a l ly ,  i n e f f e c t i v e  m e th o d o lo g y  m u s t  change.  P i a g e t
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( 1 9 6 9 )  s u g g e s t e d  y e a r s  ago t h a t  new  m e th o d s  of e d u c a t io n  
m u s t  b e com e  d i r e c t l y  c o n c e rn e d  w i t h  t h e  d e v e lo p m e n t  of 
fo rm a l  r e a s o n in g  by c o n s id e r in g  not  only th e  in te rn a l  
s t r u c t u r a l  m a t u r a t i o n ,  b u t  th e  i n f lu e n c e s  of e x p e r i e n c e  and th e  
so c ia l  and p h y s ic a l  e n v i r o n m e n t  of th e  child.
Many s t u d i e s  th ro u g h o u t  t h i s  r e v i e w  have s u p p o r te d  th e  
im p o r t a n c e  of d o m a i n - s p e c i f i c  kn o w le d g e  in p rob lem  solv ing;  
h o w e v e r ,  j u s t  a s  im p o r t a n t l y ,  p ro c e d u ra l  k n o w led g e  m u s t  be 
c o n s id e r e d  i t s  c o m p lem e n t .  In f a c t ,  s o m e  r e s e a r c h e r s  w ould  
e s t a b l i s h  p ro c e d u ra l  k n o w le d g e  in th e  fo r e f r o n t .  R ecen t ly  
K ra jc ik  and Yager ( 1 9 8 7 )  c o n d u c te d  a s tu d y  to  d e t e r m i n e  th e  
s u c c e s s  in i n t r o d u c to r y  c o l l e g e  c h e m i s t r y  w i t h  and w i t h o u t  
high school  e x p e r i e n c e  in c h e m is t r y .  T h is  s tu d y  s u g g e s t s  t h a t  
p r e - m a s t e r y  of s p e c i f i c  c o n c e p t s  may no t  be a s  i m p o r t a n t  fo r  
s u c c e s s  in c o l l e g e  c h e m i s t r y  a s  su c h  v a r i a b l e s  a s  m o t iv a t io n ,  
p e r s e r v e r a n c e ,  and m a t h e m a t i c s  s k i l l s .  F u r th e r m o r e ,  th e  s tu d y  
p ro p o se d  t h a t  h igh schoo l  c h e m i s t r y  no t  be t a u g h t  in th e  
t r a d i t i o n a l  m a n n e r  and r e c o m m e n d e d  a d e e m p h a s i s  of c o n te n t  
and c o n c e p t s  w h ic h  w o u ld  a l lo w  c h e m i s t r y  t e a c h e r s  t o  f o c u s  
on d eve lop ing  a b i l i t i e s  su c h  a s  u n d e r s t a n d in g  p ro p o r t io n s  and 
r a t i o n a l  th inking.
T h is  r e v i e w  h a s  a l s o  e m p h a s i z e d  r e s e a r c h  d e s ig n ed  to  
i d e n t i fy  b e h a v io r s  of s u c c e s s f u l  p ro b lem  s o lv e r s .  
O v e rw h e lm in g ly ,  t h e  q u a l i t a t i v e  a s p e c t  w a s  a d o m ina n t
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c h a r a c t e r i s t i c  of s u c c e s s f u l  p rob lem  s o lv e r s .  P r e s c r i p t i v e  
m e th o d s ,  a l th o u g h  t i m e - c o n s u m i n g ,  a r e  d e s ig n e d  to  induce  th e  
l e a r n e r  to  u se  q u a l i t a t i v e  d e s c r i p t io n s .  R a th e r  th a n  r e ly in g  on 
s t r i c t l y  a l g o r i t h m i c  m e t h o d s  f o r  p rob lem  so lv ing ,  s t u d e n t s  a re  
e n c o u ra g e d  to  th in k  a b o u t  t h e i r  t h in k in g  th ro u g h  a s t e p - b y -  
s t e p  p r e s c r i p t i o n .
An i n c r e a s e  in th e  d e v e lo p m e n t  of f o r m a l  r e a s o n in g  can 
o c c u r  n o t  only th ro u g h  t h e  in f lu e n c e  of th e  p r e s c r i p t i v e  
e x p e r i e n c e  b u t  th ro u g h  t h e  l e a r n e r ' s  s o c i a l  and p h y s ic a l  
e n v i r o n m e n t  a s  s u g g e s t e d  by P iage t .  C o o p e r a t iv e  grouping  
p r o v i d e s  an a v en u e  f o r  s o c i a l  t r a n s m i s s i o n  a s  w e l l  a s  an 
a l t e r n a t i v e  to  t h e  t r a d i t i o n a l  l e c t u r e  m ethodo logy .  In a dd i t ion ,  
r e s e a r c h  h a s  s u p p o r t e d  c o o p e r a t i v e  l e a rn in g  a s  a m e a n s  of 
i n c r e a s in g  s t u d e n t  a c h ie v e m e n t .
By a d a p t in g  c h a r a c t e r i s t i c s  of s u c c e s s f u l  p ro b lem  s o l v e r s  
to  p r e s c r i p t i v e  h e u r i s t i c s  and th e n  coup l ing  th e m  w i t h  th e  
n o n t r a d i t i o n a l  e n v i r o n m e n t  of c o o p e r a t i v e  grouping ,  an 
o p p o r tu n i ty  i s  p r e s e n t e d  w h ic h  m ay  n a r r o w  t h e  gap b e t w e e n  
th e  a c h i e v e m e n t  of  f o r m a l  and c o n c r e t e  o p e r a t i o n a l  r e a s o n e r s .  
S p e c i f i c a l l y ,  in a  c o u r s e  s u c h  a s  c h e m i s t r y ,  c o n ta in in g  many 
h igh ly  c o n c e p tu a l  and q u a n t i t a t i v e  t o p i c s  r e q u i r i n g  f o r m a l  
r e a s o n i n g  in o r d e r  t o  a t t a i n  c o m p re h e n s io n ,  t h e  p o s s i b i l i t y  fo r  
s u c c e s s  may be in c re a sed .
CHAPTER III 
METHOD 
N a tu re  of th e  S a m p le  
The s a m p le  c o n s i s t e d  of  178 s t u d e n t s  r ang ing  f rom  
1 4 .7 -1 9 .0  y e a r s  in age, r e p r e s e n t i n g  g r a d e s  10 -1 2 .  This  
s t u d y  w a s  c o n d u c te d  in t h e  t h r e e  p ub l ic  high s c h o o l s  in a ru ra l  
s o u th  L ou is ian a  p a r i s h  f o r  a p e r io d  of se v e n  w e e k s  co m m enc in g  
a t  t h e  beg inn ing  of t h e  s e c o n d  n i n e - w e e k  s e s s i o n  of th e  
1 9 8 7 - 8 8  schoo l  year .  P e r m i s s i o n  w a s  o b t a in e d  f ro m  th e  
s u p e r i n t e n d e n t  of th e  scho o l  d i s t r i c t  a s  w e l l  a s  e ac h  s t u d e n t  
involved  in th e  s tu d y  (Appendix  A).
Both hon o rs  and  r e g u l a r  c h e m i s t r y  c l a s s e s  c o m p r i s e d  th e  
s tudy .  In t h i s  schoo l  s y s t e m ,  s t u d e n t s  a r e  s e l e c t e d  to  be in 
h on o rs  c l a s s e s  b a se d  upon c e r t a i n  c r i t e r i a :  (a)  IQ s c o r e s  and 
m a t h  s t a n i n e s  f rom  t b e i r  l a t e s t  C a l i f o r n ia  A c h ie v e m e n t  T e s t  
and (b) a v e r a g e  g ra d e  in s c i e n c e  b a se d  on th e  c u r r e n t  y e a r  and 
t w o  p re v io u s  y e a r s  (Appendix  B). Most  c h e m i s t r y  hon o rs  
s t u d e n t s  e l e c t  to  sk ip  p h y s ic a l  s c i e n c e  and c o m p l e t e  a biology 
c o u r s e  in t h e  n in th  g ra d e  i n s t e a d ,  t h u s  s c h e d u l in g  c h e m i s t r y  in 
th e  t e n t h  grade.  R e g u la r  c h e m i s t r y  c l a s s e s  c o n s i s t  m o s t l y  of 
e l e v e n t h  g rad e  s t u d e n t s  w i t h  a  s m a l l  p e r c e n t a g e  of se n io r s .
The b rea k d o w n  of t h e  s a m p l e  by schoo l  i s  sh o w n  in T ab le  1.
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T ab le  1 
S a m p le
Hiqh School Honors Regular T o ta l
A 4 0 * 4 0
B 4 3 * 4 8 * 91
C 4 7 * 4 7
T o ta l 90 88 178
Note. The a s t e r i s k  d e n o te s  2 c l a s s e s .
Only one t e a c h e r  in each  schoo l  took p a r t  in th e  s tu d y  and the  
c l a s s e s  of e ach  t e a c h e r  w e r e  ran do m ly  a s s ig n e d  e x p e r im e n ta l  
t r e a t m e n t  and c o n t r o l  t r e a t m e n t .  By u s ing  t h r e e  d i f f e r e n t  
t e a c h e r s  in d i f f e r e n t  s c h o o l s  e ac h  a s s ig n e d  e x p e r im e n ta l  
t r e a t m e n t  and c o n t ro l  t r e a t m e n t  g roups ,  an a t t e m p t  w a s  m ade  
to  m in im iz e  th e  s c h o o l / t e a c h e r  v a r iab le .
P i lo t  S tudy
A p i lo t  s tu d y  (n = 5 5 )  w a s  c o n d u c ted  f o r  a t h r e e - w e e k  
p e r io d  In t w o  p h y s i c s  c l a s s e s  In one of th e  t h r e e  high s c h o o l s  
dur ing  th e  beg inn ing  of t h e  fa l l  s e m e s t e r ,  1987. P h y s i c s  
s t u d e n t s  w e r e  u se d  in th e  p i l o t  s i n c e  i n t r o d u c to r y  c h e m i s t r y  
c l a s s e s  do no t  e n c o u n t e r  p ro b lem  so lv in g  u n t i l  l a t e r  in th e  
s e m e s t e r .  As a r e s u l t  of  t h i s  s tu d y ,  p la n s  to  u se  g ro u p s  of 
t h r e e ,  p rov id e  m o re  e x a m p le s  of p r o b le m s  a d a p te d  to  th e
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p r e s c r i p t i v e  m eth o d ,  in c lu d e  an a t t i t u d e  i n s t r u m e n t ,  and 
p rov ide  a d d i t io n a l  i n s t r u c t i o n  on i n t e r a c t i o n  s k i l l s  w e r e  
i m p le m e n te d  in th e  d i s s e r t a t i o n  s tudy.  (See  Appendix C.)
N a tu re  of  t h e  C h e m is t r y  P ro b le m s  
In c h e m i s t r y ,  p ro p o r t io n a l  r e a s o n in g  i s  f i r s t  e n c o u n te re d  
w i t h  c h e m ic a l  n o m e n c la t u r e  and th e  w r i t i n g  of f o r m u l a s  w h ic h  
a r e  b a se d  upon th e  Law of D e f in i t e  P r o p o r t i o n s  and t h e  Law of 
M ul t ip le  P ro p o r t io n s .  A to m ic  m a s s e s  r e p r e s e n t  a p ro p o r t io n a l  
a v e ra g e  of i s o t o p i c  co m p o s i t io n .  It i s  n e c e s s a r y  t h a t  s t u d e n t s  
r e c o g n iz e  th e  d e f i n i t e  r a t i o  g iven  by th e  e m p i r i c a l  fo rm ula .
The f i r s t  c h e m ic a l  p ro b le m  s o lv in g  e n c o u n te r e d  by c h e m i s t r y  
s t u d e n t s  in t h i s  s tu d y ,  b e s i d e s  d e n s i t y  w h ic h  is  so lv e d  by a 
fo rm u la ,  i s  s t o i c h i o m e t r y  w h ic h  i s  t h e  s tu d y  of q u a n t i t a t i v e  
r e l a t i o n s h i p s  im p l ied  by a c h e m ic a l  r e a c t io n .  S t o i c h i o m e t r y  
r e q u i r e s  t h e  kn o w le d g e  of t h e  p a r t i c u l a t e  n a tu r e  of m a t t e r ,  
u n d e r s t a n d in g  t h e  m o le  c o n ce p t ,  and t h e  a b i l i t y  t o  do 
p ro p o r t io n a l  r e a s o n in g  (G ood s te in  & Howe, 1978;  W hee le r  & 
Kass ,  1977).  The p r o b l e m s  r e q u i r in g  p ro p o r t io n a l  r e a s o n in g  
t h a t  w e r e  u se d  in t h i s  s t u d y  included: (a)  d e t e r m i n i n g  th e  
n u m b er  of  m o le s  and n u m b er  of p a r t i c l e s  in t h e  m a s s  of  a g iven  
s u b s t a n c e ,  (b) d e t e r m i n i n g  e m p i r i c a l  and m o le c u l a r  f o r m u la s ,
(c)  m a s s - m a s s  p r o b le m s  b a s e d  on a  b a la n c e d  eq ua t io n ,  and
(d) l im i t i n g  r e a g e n t  p rob lem s .
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S tu d e n t s '  p ro b lem  s e t s  c o n s i s t e d  of th e  p re c e d in g  p rob lem  
t y p e s  c o n ta in e d  in t h e i r  a d o p te d  t e x t ,  Merr i l l  C hem is t ry :  A 
Modern C ourse  (Sm oot .  P r ic e ,  & Sm ith ,  1979,  1987). T hese  
s e t s  w e r e  l im i t e d  to  no m o r e  th an  fo u r  p r o b le m s  due t o  t h e  u se  
of p rob lem  p r e s c r i p t i o n  r e q u i r in g  so  much t im e.
I n s t r u m e n t s
T e s t  of Logical  Thinking
The T e s t  of Logical  Think ing  (TOLT) d eve loped  by Tobin  and 
Capie  ( 1 9 8 1 )  w a s  u se d  to  a s s e s s  th e  p ro p o r t io n a l  r e a s o n in g  of 
th e  s t u d e n t s  in t h e  s a m p l e  (Appendix D). As e s t a b l i s h e d  by th e  
a u th o r s ,  t h e  1 0 - i t e m  t e s t  h a s  a high in te r n a l  c o n s i s t e n c y  and 
th e  t w o - i t e m  s u b t e s t  on p r o p o r t io n a l  r e a s o n in g  e x h i b i t s  
s u f f i c i e n t  r e l i a b i l i t y  to  a l l o w  d e c i s io n  m ak ing  a t  th e  s u b t e s t  
level ( r  = .82). The c o n s t r u c t  v a l i d i ty  of t h e  TOLT w a s  
a s s e s s e d  by a d m i n i s t e r i n g  t h e  Mr. Tall/Mr. S h o r t  t a s k  of 
p ro p o r t io n a l  r e a s o n in g  p ro p o se d  by K arp lus  to  a r e p r e s e n t a t i v e  
s a m p le  of s t u d e n t s  (Appendix  E). All s t u d e n t s  w e r e  
a d m i n i s t e r e d  th e  TOLT p r i o r  to  th e  beg inn ing  of t h e  s tudy .  The 
r e s u l t s  of t h e  t w o - i t e m  s u b t e s t  on p ro p o r t io n a l  r e a s o n in g  
w e r e  u s e d  a s  th e  b a s i s  f o r  f o rm in g  h e t e r o g e n e o u s  g ro u p s  of 
t h r e e  o r  f o u r  w i t h i n  t h e  c l a s s e s  t h a t  w e r e  ran d o m ly  a s s i g n e d  
to  e x p e r i m e n t a l  t r e a t m e n t  (Tab le  2). S t u d e n t s  w e r e  
c a t e g o r i z e d  and th e n  r a n d o m ly  p la c e d  in g roups  t o  e n s u r e  t h a t  
e ac h  group  w o u ld  c o n s i s t  of  s t u d e n t s  of  d i f f e r i n g  p ro p o r t io n a l
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r e a s o n in g  ab i l i ty .  The s t u d e n t s  in t h e  o t h e r  c l a s s e s ,  s e rv in g  
a s  t h e  c o n t ro l  t r e a t m e n t ,  so lv e d  p r o b le m s  on an ind iv idua l  
b a s i s .
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Table  2
H e te ro g e n e o u s  Groups B ase d  on P ro p o r t io n a l  R eason ing  




Group 4  
School  B 




Group 4  










T, NP, NP 
T, NP, NP 
P, NP, NP 
NP, NP, NP
T, NP, NP 
T, NP, NP 
T, NP, NP 
P, NP, NP
P, NP, NP* 
P, NP, T 
P, NP, T 
P, NP, T
P, P, NP 
P, P, NP 
P, P, NP 















P, NP, NP 
P, NP, NP 
T, NP, NP
P, NP, NP, T 
P, NP, NP 
P, NP, NP 
P, NP, NP
P, NP, T 
P, NP, T 
P, NP, T 
P, NP, T
P, P, NP 
P, P, NP 
P, P, T, T
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N ote . P = P ro p o r t io n a l  
T = T r a n s i t io n a l  
NP = N onpropor t iona l  
S c i e n c e  A t t i t u d e  Survey
A s c i e n c e  a t t i t u d e  su rv e y  w a s  a d m i n i s t e r e d  to  a ll  s t u d e n t s  
p r i o r  to  beg inn ing  th e  s tu d y  (Appendix F). R e l i a b i l i t y  w a s  
e s t i m a t e d  to  be .92 us ing  Cronbach 's  a lpha  (Borg & Gal 1, 1983). 
T h is  su rv e y  w a s  m o d i f ie d  f ro m  a q u e s t io n n a i r e ,  S c ie n c e  
A t t i t u d e  S c a le ,  deve loped  by Aiken ( 1 9 7 9 )  to  m e a s u r e  
a t t i t u d e s  t o w a r d  sc ien c e .  T h is  L i k e r t - t y p e  q u e s t i o n n a i r e  
c o n s i s t s  of 2 4  i t e m s  d e s ig n e d  to  a s s e s s  e n jo y m e n t ,  
m o t i v a t i o n ,  im p o r ta n c e ,  and f ree d o m  f rom  fea r .  T h ree  of th e  
s ix  i t e m s  on each  of th e  f o u r - p a r t  s c a l e s  a r e  w o rd e d  in a 
p o s i t i v e  d i r e c t i o n  and t h r e e  in a n e g a t iv e  d i r e c t i o n  in t e r m s  of 
a t t i t u d e s  t o w a r d  t h e  s u b j e c t .  A high s c o r e  r e g i s t e r s  a s t r o n g  
l ike  f o r  t h e  s u b j e c t  and a low s c o r e  a s t r o n g  d is l ike ,  For th e  
p u r p o s e s  of t h i s  s tu d y ,  t h e  w o r d s  c h e m i s t r y  and p rob lem  
so lv in g  w e r e  s u b s t i t u t e d  f o r  t h e  w o rd  sc ien c e .  T h is  s c i e n c e  
a t t i t u d e  su r v e y  w a s  a l s o  a d m i n i s t e r e d  a t  th e  c o n c lu s io n  of  th e  
s tudy .  In a d d i t io n ,  s t u d e n t s  in th e  h o n o rs  c l a s s e s  (n = 9 0 )  
w e r e  g iven  t h e  o p p o r tu n i ty  to  w r i t e  a d d i t io n a l  c o m m e n t s  a f t e r  
c o m p le t in g  th e  su rv e y  e v a lu a t in g  th e  p r e s c r i p t i v e  m e th o d  and 
p ro b lem  so lv in g  ind iv idu a l ly  o r  in groups.
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C h e m is t ry  P r e t e s t
A c h e m i s t r y  p r e t e s t  (Appendix  G) c o n s i s t i n g  of 12 m u l t i p l e  
cho ice  i t e m s  and t w o  w o rd  p r o b le m s  r e q u i r in g  a ba la n ce d  
c h e m ic a l  e q u a t io n  w a s  s t r u c t u r e d  to  a s s e s s  p r i o r  kn ow ledg e  of 
th e  p ro b le m s  used  in t h i s  s tu d y  a s  w e l l  a s  c o n ce p tu a l  
kn o w led g e  r e q u i r e d  in so lv in g  t h e s e  p r o b le m s  a s  i n d ic a te d  by 
th e  school  d i s t r i c t ' s  c u r r i c u lu m  guide  (Appendix  H). The 12 
i t e m s  ta k e n  f rom  th e  1981 A m e r ic an  C hem ica l  S o c i e t y -  
Nat ional  S c ie n c e  T e a c h e r s  A s s o c i a t io n  High School C h e m is t ry  
A c h ie v e m e n t  E x am in a t io n  (ACS exam )  w e r e  d ic h o to m o u s ly  
scored ,  With th e  u se  of C ronbach 's  a lpha ,  r e l i a b i l i t y  w a s  
e s t i m a t e d  a s  ,84. The c o n te n t  v a l i d i t y  of th e  i t e m s  f ro m  th e  
ACS e x a m in a t io n  h as  a l r e a d y  been  e s t a b l i s h e d  in a s tu d y  
c o n d u c ted  by K ra jc ik  and Haney (1 98 7 ) ,  The s o u r c e  of t h e  tw o  
w o rd  p r o b le m s  r e q u i r in g  s t u d e n t s  t o  e x t r a c t  p e r t i n e n t  
i n f o r m a t io n  in o rd e r  to  w r i t e  a b a la n c e d  e q u a t io n  w a s  Heath  
C h e m is t r y  (Herron.  Kukla, D ispezio ,  S c h ra d e r ,  & Er ickson ,
1987).
Chemi.strx Bosltes t
A c h e m i s t r y  p o s t t e s t  (Appendix  I), t h e  d e p e n d e n t  m e a s u r e ,  
c o n s i s t e d  of s e v e n  m u l t i p l e  c h o ic e  i t e m s  and t h r e e  q u e s t i o n s  
r e p r e s e n t i n g  th e  fo u r  i d e n t i f i e d  p ro b lem  t y p e s  u se d  in t h e  
s tu d y  s e l e c t e d  f ro m  t h e  1 9 8 5  ACS e x a m in a t io n  a s  w e l l  a s  
Heath  C h e m is t r y  (Herron e t  al.. 1987),  An e s t i m a t e  of
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r e l i a b i l i t y  w a s  d e t e r m i n e d  us ing  C ronbach 's  a lpha  (r  = .80).
T h is  t e s t  s e r v e d  a s  one p a r t  of t h e  s t u d e n t ' s  m id t e r m  
e x a m in a t io n  c o n d u c ted  a t  th e  end of t h e  s e v e n - w e e k  study.  
S t u d e n t s  w e r e  no t  r e q u i r e d  to  show  t h e i r  w ork  on th e  m u l t ip le  
c h o ic e  i t e m s ,  h o w e v e r  th e y  could  r e c e i v e  bonus  c r e d i t  fo r  
u s ing  th e  p r e s c r i p t i v e  m e th o d  f o r  th e  l a s t  t h r e e  q u e s t io n s  
(Appendix J) .  The t e s t  w a s  d ich o to m o u s ly  sco red ;  h o w e v e r  
s t u d e n t  w o rk  w a s  c h e c k e d  and if  s t u d e n t s  o b ta in e d  a w rong  
a n s w e r  due e n t i r e l y  to  a m a t h e m a t i c a l  e r r o r  o r  an e r r o r  in 
b a la n c in g  t h e  e q u a t io n  t h e y  r e c e i v e d  c r e d i t  f o r  th e  problem. 
C o n ten t  v a l i d i t y  w a s  e s t a b l i s h e d  by s u b m i t t i n g  a ll  t e s t  i t e m s  
to  a c h e m i s t r y  p r o f e s s o r  a s  w e l l  a s  a s c i e n c e  e d u c a t io n  
p r o f e s s o r .
E x p e r im e n ta l  Design 
A n a ly s i s  of c o v a r i a n c e  w a s  u se d  to  a n a ly z e  th e  d a t a  ba sed  
upon c a t e g o r i c a l  i n d e p e n d en t  v a r i a b l e s  of  p ro p o r t io n a l  
r e a s o n in g  a b i l i t y ,  t y p e  of  c l a s s  s t r u c t u r e  (honors  and r e g u la r ) ,  
e x p e r i m e n t a l  v a r i a b l e  ( t y p e  of grouping,  ind iv idua l  or  
c o o p e r a t iv e ) ,  and t h e  c o n t in u o u s  d e p en d e n t  m e a s u r e  ( c h e m i s t r y  
p o s t t e s t ) .  The c h e m i s t r y  p r e t e s t  s e r v e d  a s  t h e  c o n t in u o u s  
c o v a r i a t e .  The t r e a t m e n t  v a r i a b le ,  p rob lem  p r e s c r i p t i o n ,  w a s  
held  c o n s t a n t  in e ac h  c l a s s .  Based  upon th e  r e s u l t s  of  th e  
t w o - i t e m  s u b t e s t  of  t h e  TOLT, p ro p o r t io n a l  r e a s o n in g  a b i l i t y  
w a s  i d e n t i f i e d  a s  p ro p o r t io n a l  (bo th  i t e m s  c o r r e c t ) ,
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t r a n s i t i o n a l  (one I t e m  c o r r e c t ) ,  and n o np ro p o r t lo na l  (bo th  
I t e m s  In co r re c t ) .  The  g e n e ra l  l i n e a r  m o d e ls  p ro c e d u re  w a s  
u se d  to  c o m p e n s a t e  f o r  unequal  n 's  p e r  ce l l  ( s e e  T ab le  3). 
T ab le  3
i l lu s t ra t ion  of design
E x p e r im en ta l
Individual Grouped
R e a s o n e r R eg u la r Honors Regu la r  Honors
P ro p o r t io n a l 7 12 9 23
T r a n s i t i o n a l 10 10 6 6
N onpropor t iona l 2 4 2 3 3 2  16
Note, n = 178
D em ograph ic  d a ta ,  s ex  and age, w e r e  o b ta in e d  f ro m  s t u d e n t  
r e c o r d s  a s  w e l l  a s  m a t h  s t a n i n e s  f rom  th e  C a l i fo rn ia  
A c h ie v e m e n t  T es t .  The s t a n i n e  i s  a s c a l e  f rom  1 -9  t h a t  
p r o v id e s  a rough e s t i m a t e  of a s t u d e n t ' s  a c h ie v e m e n t .  In 
g e n e ra l ,  s c o r e s  of 1 -3  a r e  c o n s id e r e d  be low  a v e ra g e ,  4 - 6  
av e rag e ,  and 7 - 9  above  ave rag e .  C o r r e l a t i o n s  b e tw e e n  
d e m o g ra p h ic  d a ta ,  m a t h  s t a n i n e s ,  and p ro p o r t io n a l  r e a s o n in g  
a b i l i t y  w e r e  s t a t i s t i c a l l y  analyzed .
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Think a loud p r o c e s s
The f i r s t  th in k  a loud  t a p e s  w e r e  t r a n s c r i b e d  in t h e  s p r in g  
of 1957  a t  t h e  C a rn eg ie  I n s t i t u t e  of  Technology. The goal  of 
t h e  a n a l y s i s  w a s  to  d e f in e  a c o m p u t e r  p ro g ram  t h a t  w ou ld  
p a r a l l e l  hum an behavior .  A v e rb a l  p ro to c o l ,  t h e  t r a n s c r i p t  of 
s t u d e n t  v e r b a l i z a t i o n s  d u r ing  t h e  c o u r s e  of p ro b lem  so lv ing ,  i s  
r e f e r r e d  to  a s  a " ty p ica l  t ech n iq u e"  f o r  v e r i f y i n g  th e  
i n f o r m a t i o n  p r o c e s s i n g  a p p ro a c h  (Newell  & Simon,  1972 ,  p. 12). 
During t h e  l a s t  d e c a d e  t h e  th in k in g  a loud  o r  c o n c u r r e n t  
v e r b a l i z a t i o n  t e c h n iq u e  ( E r i c s s o n  & Simon,  19 80 )  h a s  been  
u se d  s u c c e s s f u l l y  to  i d e n t i f y  s t r a t e g i e s  and c h a r a c t e r i s t i c s  of 
s u c c e s s f u l  p ro b lem  s o l v e r s  in m any r e s e a r c h  s t u d i e s  inc lud ing  
th e  a r e a  of c h e m i s t r y  p ro b lem  so lv in g  (A nam uah-M ensah ,
1986;  Camacho,  1986;  Gabel e t  al., 1984;  G o ro d e tsk y  & Hoz, 
1980;  G reenbow e,  1983;  N urrenbern ,  1979).
In an a t t e m p t  t o  a n s w e r  t h e  q u e s t io n  c o n c e rn in g  th e  
d i f f e r e n t  c h a r a c t e r i s t i c s  e x h ib i t e d  by s t u d e n t s  of d i f f e r e n t  
p r o p o r t io n a l  r e a s o n in g  a b i l i t i e s  in d i f f e r e n t  s e t t i n g s ,  t h e  th in k  
a loud  t e c h n iq u e  w a s  u t i l i z e d .  At t h e  end of  t h e  s e v e n - w e e k  
s tu d y ,  s t u d e n t  v o l u n t e e r s  o f  v a ry in g  p r o p o r t io n a l  r e a s o n in g  
a b i l i t y  f ro m  t h e  c o n t ro l  t r e a t m e n t  a s  w e l l  a s  t h e  e x p e r i m e n t a l  
t r e a t m e n t  c l a s s e s  w e r e  a s k e d  to  v o l u n t e e r  t o  s o lv e  l im i t i n g  
r e a g e n t  p r o b l e m s  o ra l ly ,  t o  th in k  a loud,  w h i l e  be ing
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v id eo tap ed .  T w e n t y - t w o  t e a m s  (n = 5 5 ) ,  10 p a i r s  and 12 
g roups ,  r e p r e s e n t e d  each  c l a s s  p a r t i c i p a t i n g  in th e  s tudy.
To e n s u r e  t h a t  t h e  s t u d e n t s  r e p r e s e n t i n g  t h e  c o n t ro l  
t r e a t m e n t  c l a s s  w ou ld  t a l k  a loud w h i l e  p ro b lem  so lv ing ,  
s t u d e n t s  w e r e  pa ired .  S t u d e n t s  w e r e  g iven  a c h o ic e  b e t w e e n
(a) one s t u d e n t  a s s u m i n g  t h e  ro l e  of  p ro b lem  s o lv e r ,  r ea d in g  
and so lv in g  t h e  p ro b lem  a loud,  and t h e  o t h e r  s t u d e n t  l i s t e n i n g  
and keep ing  th e  p ro b lem  s o l v e r  t a l k i n g  (Lochhead & Whimbey,  
1987)  o r  (b) b o th  s t u d e n t s  s h a r in g  in t h e  p r o b l e m - s o l v in g  
p r o c e s s  e n c o u rag in g  ora l  exchange .  The o r ig in a l  g ro up s  
r e p r e s e n t i n g  t h e  e x p e r i m e n t a l  t r e a t m e n t  w e r e  m a i n t a i n e d  
w h i l e  th ey  w e r e  v id eo tap e d .  Each s t u d e n t  t e a m  w a s  re m in d e d  
t h a t  th e  c a m e r a  cou ld  n o t  s e e  w h a t  w a s  going on in t h e i r  m in ds  
nor  w h a t  th e y  w e r e  w r i t i n g  on t h e i r  p a p e r s ;  t h e r e f o r e  th ey  
m u s t  v e rb a l iz e .
S tu d e n t  t e a m s  w e r e  a s s i g n e d  one of a t h r e e  p ro b lem  s e t  of 
l im i t i n g  r e a g e n t  p r o b l e m s  (Appendix  K). S t u d e n t s  had n o t  been 
' in t ro d u ce d  to  t h i s  t y p e  of s t o i c h i o m e t r i c  p ro b lem  p re v io u s ly  
b u t  w e r e  a sk e d  to  app ly  t h e i r  k n o w le d g e  of  s t o i c h i o m e t r i c  
p ro b lem  so lv in g  to  t h i s  new  s i t u a t i o n .  Even though  s t u d e n t s  
had been  u t i l i z i n g  t h e  p r e s c r i p t i v e  m e th o d  f o r  p ro b lem  so lv ing ,  
t h e  p ro b lem  so lv in g  s t r a t e g y  em p lo y ed  by t h e  s t u d e n t s  w a s  
t h e i r  d ec is ion .
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The v i d e o c a m e r a  w a s  s e t  up in th e  back of th e  c h e m is t r y  
c l a s s r o o m  or  in t h e  a d jo in in g  s t o r e r o o m  in o rd e r  to  p r e s e r v e  
th e  r e g u l a r  e n v i ro n m e n t  a s  m uch  a s  poss ib le .  S tu d e n t  d e sk s  
w e r e  a r r a n g e d  so  t h a t  t h e  s t u d e n t s '  b a c k s  would  not  f a c e  th e  
c a m e r a  even  though  th ey  w o u ld  n o rm a l ly  f a c e  one a n o th e r  w hen  
p rob lem  solving.  V id eo tap ing  took p l a c e  dur ing  th e  s t u d e n t s  
r e g u la r ly  s c h e d u le d  c h e m i s t r y  c la s s .  Once th e  s t u d e n t s  w e r e  
g iven  d i r e c t i o n s ,  t h e y  in t r o d u c e d  t h e m s e l v e s  on c a m e r a  and 
th en  r e a d  t h e  prob lem . At t h a t  p o in t  th ey  w e r e  l e f t  u n a t t e n d e d  
un t i l  t h ey  w e r e  f i n i s h e d  w i t h  th e  a s s i g n e d  problem. During a 
5 5 - m i n u t e  c l a s s  pe r io d ,  t w o  to  fo u r  t e a m s  w e r e  v ideo taped .
The v i d e o t a p e s  w e r e  r e v i e w e d  e x te n s iv e ly .
C h a r a c t e r i s t i c s  of s u c c e s s f u l  and u n s u c c e s s f u l  p rob lem  
s o l v e r s  w e r e  n o te d  a s  w e l l  a s  s i m i l i a r i t i e s  and d i f f e r e n c e s  
b e t w e e n  (a)  s t u d e n t s  of  v a ry in g  p ro p o r t io n a l  r e a s o n in g  
a b i l i t i e s  and (b) s t u d e n t s  w ho  had been  so lv ing  p r o b le m s  on an 
ind iv idua l  b a s i s  and t h o s e  w ho  had been  p ro b lem  so lv in g  in 
groups. S t u d e n t  g ro up s  w h ic h  o b ta in e d  t h e  c o r r e c t  a n s w e r  
th ro u g h  a lo g ica l  p r o c e s s  w e r e  d e em ed  s u c c e s s f u l .
To In s u re  r e l i a b i l i t y  of t h e  v i d e o t a p e  a n a ly s e s ,  t h e  t h r e e  
t e a c h e r s  t a k in g  p a r t  in t h e  s tu d y  w e r e  a sk e d  to  v ie w  and 
c r i t i q u e  t h e  t a p e s  and s u b m i t  a w r i t t e n  a n a l y s i s  fo r  
c o m p a r i s o n  (Appendix L). In a d d i t io n ,  s t u d e n t s '  w r i t t e n  w o rk  
w a s  a n a ly z e d  (Appendix  M).
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P r e s c r i p t i v e  m e th o d
P r e s c r i p t i o n  in t h i s  c o n te x t  m e a n s  t h a t  p r o c e d u r e s  a re  
s p e c i f i e d  so  t h a t  t h e  p ro b lem  s o l v e r  can  g e n e r a t e  u se fu l  
i n i t i a l  d e s c r i p t i o n s  of p r o b le m s  in bo th  a q u a l i t a t i v e  and 
q u a n t i t a t i v e  w ay  w i t h  t h e  o b j e c t i v e  to  r e d u c e  e r r o r s  and 
im p ro ve  s u b s e q u e n t  p ro b lem  solving.  H e l le r  and Reif  ( 1 9 8 4 )  
found t h a t  t h e  p r e s c r i p t i v e  model  u se d  in t h e i r  s tu d y  w h ich  
inc luded  b o th  q u a l i t a t i v e  and q u a n t i t a t i v e  d e s c r i p t i o n s  
conc lud ing  w i t h  an a s s e s s m e n t  g e n e r a t e d  e x c e l l e n t  p rob lem  
d e s c r i p t i o n s  and r e s u l t e d  in f u t u r e  im p ro v e m e n t  in so lv in g  
p rob lem s .
The p r e s c r i p t i v e  s t r a t e g y  u se d  in t h i s  s tu d y  w a s  a d a p te d  
f rom  th e  p r o b le m - s o lv in g  s t r a t e g i e s  i d e n t i f i e d  th rough  
e x p e r t - n o v i c e  r e s e a r c h  (Camacho  & Good, 1986; Chi, F e l tov ich ,  
& G laser ,  1981 ;  DeJong & F e r g u s o n - H e s s l e r ,  1986;  Good & 
S m i th ,  1987)  and f ro m  H e l le r  and R e i f ' s  p r e s c r i p t i v e  p rob lem  
so lv ing  s tu d y  (1 9 8 4 ) ,  B unce 's  p rob lem  so lv in g  ap p ro a ch  (Bunce 
& Heikkinen, 1986) ,  and G abel 's  p rob lem  r e d e s c r i p t i o n  a pp ro ach  
(1 9 8 7 ) .  In a d d i t io n ,  p r e d i c t i o n  w a s  added  to  th e  p r e s c r i p t i o n  
to  e n s u r e  c o n t in u o u s  b a c k w a r d  c h e c k s  t o w a r d  w h a t  i s  known 
and f o r w a r d  c h e c k s  t o w a r d  th e  p r o j e c t e d  o u t c o m e s  a s  
s u g g e s t e d  by Good (19 8 7 ) .
The p ro b lem  p r e s c r i p t i o n  c o n s i s t s  of a: (a)  s t a t e m e n t  of 
th e  p rob lem ,  (b) r e d e s c r i p t i o n  t h a t  i n c lu d e s  e x t r a c t i o n  of th e
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s t a t e d  a s  w e l l  a s  t h e  Im pl ied  in f o r m a t io n  and a p i c t u r e  
d e s c r i p t io n ,  (c)  p re d i c t i o n ,  (d) m a t h e m a t i c a l  s o lu t io n ,  and 
(e)  check  (Table  4).
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T ab le  4
Prob lem  P r e s c r i p t i o n
I. RBPBLEM;
Copy th e  p ro b lem  and u n d e r l in e  key w o r d s  o r  p h ra se s .
II. REDESCRIPTION: Be s u r e  to  in c lu d e  un i ts .
A. Given: Unknown:
B. PICTURE: Label t h e  d ia g ra m  or  sk e tch .
III. PREDICTION OR ESTIMATION:
IV. tjAIHEinAIICAL S.QLUH QN:
V. CHECK:
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I n i t i a l l y  s t u d e n t s  w e r e  a sk e d  to  reco py  th e  p rob lem  fo r  t w o  
m a in  r e a so n s :  (a)  copying  r e s u l t s  in m o re  a t t e n t i o n  pa id  to  th e  
d e t a i l s  of t h e  p ro b lem  and (b) u n d e r l in in g  or  c i r c l i n g  th e  m ain  
c o n c e p t s  needed  to  so lv e  t h e  p rob lem  can no t  be done in th e  
t ex tbook .  From t h e  c i r c l e d  or u n d e r l in e d  c o n c e p ts ,  s t u d e n t s  
w e r e  a s k e d  to  l i s t  t h e  g iven  i n f o r m a t i o n  and th e  unknown us ing  
an a p p r o p r i a t e  v a r i a b l e  sym bol  and th e  s p e c i f i e d  u n i t s .  In 
a d d i t io n ,  t h e y  w e r e  a s k e d  t o  l i s t  i n f o r m a t i o n  needed  to  so lv e  
t h e  p ro b lem  no t  n e c e s s a r i l y  g iven  in t h e  p ro b lem  su ch  a s  th e  
a t o m i c  m a s s ,  A vogadro 's  num ber ,  e tc .  The r e d e s c r i p t i o n  
p i c t u r e  m ay  t a k e  t h e  fo rm  of a  d i a g ra m  a n d / o r  a b a la n c e d  
equa t ion .  A d ia g ra m  i s  o f t e n  d i f f i c u l t  to  d raw  in c h e m i s t r y ,  
h o w e v e r  s t u d e n t s  w e r e  e n c o u ra g e d  to  d raw  a c y l in d e r  or so m e  
ty p e  c o n t a i n e r  to  r e p r e s e n t  th e  s t a n d a r d  u se d  in. t h e  p rob lem  
and a n o th e r  c y l in d e r  to  r e p r e s e n t  th e  g iven  s u b s ta n c e .  
C o m p a r a t iv e  d i a g r a m s  w e r e  q u i t e  he lp fu l  in a s s i s t i n g  s t u d e n t s  
w i t h  t h e  p r o c e s s  s k i l l  of  p re d ic t in g .  Once a p r e d i c t i o n  h as  
been  m ade ,  a m a t h e m a t i c a l  s o l u t i o n  i s  needed. S t u d e n t s  could  
c h o o se  any s t r a t e g y  su c h  a s  a p ro p o r t io n  o r  t h e  f a c t o r - l a b e l  
(u n i t  a n a l y s i s )  t e c h n iqu e .  B e fo re  t h e  p rob lem  w a s  c o m p le te ,  
s t u d e n t s  w e r e  a sk e d  t o  r e a s s e s s  t h e  p ro b lem  c o m p a r in g  t h e i r  
p r e d i c t i o n  w i t h  t h e i r  a n s w e r .
In o r d e r  to  e s t a b l i s h  c o n s i s t e n c y  b e t w e e n  c l a s s e s  in t h i s  
s tu d y ,  t h e  p ro b lem  p r e s c r i p t i o n  w a s  i n t r o d u c e d  and m o d e led
47
fo r  e ac h  c l a s s  u s in g  s e v e r a l  e x a m p le s  (Appendix  N). S t u d e n t s  
w e r e  r e q u i r e d  to  u se  th e  p ro b lem  p r e s c r i p t i o n  w h e n e v e r  they  
w e r e  so lv in g  p r o b le m s  in c la s s .  S ince  t h i s  p r o c e s s  w a s  t i m e -  
consum ing ,  t h e  n um b er  of p ro b le m s  a s s ig n e d  fo r  c l a s s w o r k  a s  
w e l l  a s  t h e  n u m b e r  of p r o b le m s  c o n ta in e d  on a t e s t  w e r e  
d e c r e a s e d  acco rd ing ly .  H om ework  on c h e m i s t r y  p r o b le m s  
dur ing  th e  r e s e a r c h  s tu d y  w a s  c u r t a i l e d  s in c e  t h e  a f t e r - s c h o o l  
e n v i r o n m e n t  could  not  be c o n tro l led .
T e a c h e r  T ra in in g  
In s e r v ic e  t r a i n i n g  f o r  t h e  t h r e e  t e a c h e r s  w a s  p rov ided  in 
o r d e r  t o  in s u r e  c o n s i s t e n c y  b e tw e e n  schoo ls .  T e a c h e r s  w e r e  
given  v e rb a l  i n s t r u c t i o n  in us ing  th e  p r e s c r i p t i v e  p r o b le m ­
s o lv in g  s t r a t e g y  and g iven  s a m p l e s  of each  ty p e  of p rob lem  th e  
s t u d e n t s  w ou ld  e n c o u n t e r  dur ing  th e  s tu d y  u t i l i z i n g  th e  
p rob lem  p r e s c r i p t i o n  (Appendix  N). D isc u ss io n  of c o o p e r a t i v e  
grouping  g u id e l in e s  f o c u s e d  on th e  book, C i r c l e s  of Learning  
( Jo h nso n  e t  al. , 1984 )  w h ic h  w a s  given  to  t h e  t e a c h e r s  p r io r  to  
t h e  in se rv ic e .  T h e s e  g u id e l in e s  a r e  s i m i l a r  to  t h o s e  i d e n t i f i e d  
in S la v in ' s  r e v i e w  of  c o o p e r a t i v e  lea rn in g  (1980) :  (a)  r e w a r d  
in te r d e p e n d e n c e ,  (b) t a s k  in te r d e p e n d e n c e ,  (c)  ind iv idua l  
a c c o u n ta b i l i t y ,  and (d) t e a c h e r  im posed  s t r u c t u r e .  The p r im a r y  
c o m p o n e n t  of  c o o p e r a t i v e  grouping,  p o s i t i v e  r e w a r d  
in te r d e p e n d e n c e  w h e r e  one s t u d e n t ' s  s u c c e s s  h e lp s  a n o th e r  to  
be s u c c e s s f u l ,  w a s  s t r e s s e d .
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In a d d i t io n ,  a handou t  on c o o p e r a t i v e  grouping  t h a t  Included 
s p e c i f i c  g u id e l in e s  and r u l e s  of b e h a v io r  w a s  p rov ided  f o r  each  
s t u d e n t  in th e  e x p e r im e n ta l  t r e a t m e n t  c l a s s e s  (Appendix 0). 
T e a c h e r s  w e r e  a sk e d  to  d i s c u s s  t h i s  i n f o r m a t i o n  w i t h  t h e i r  
s t u d e n t s  a s  w e l l  a s  e m p h a s i z e  i n t e r a c t i o n  s k i l l s .  In o r d e r  to  
p ro v ide  f o r  p o s i t i v e  r e w a r d  in te rd e p e n d e n c e ,  s t u d e n t s  w e r e  
in fo rm e d  t h a t  only one p ro b lem  s e t  w ou ld  be tu r n e d  in p e r  
group w i t h  all  m e m b e r s  r e c e iv in g  th e  s a m e  grade.  In ad d i t ion ,  
th ey  w e r e  in fo rm e d  t h a t  bonus  p o i n t s  w ou ld  be a w a r d e d  to  all  
m e m b e r s  of  th e  group i f  ind iv idua l  s c o r e s  on t h e  t e s t  f o r  each  
group m e m b e r  r e s u l t e d  in a t  l e a s t  a  70% sco re .  R o les  (Table  5) 
w e r e  a l s o  a s s i g n e d  to  e n s u r e  i n te r d e p e n d e n c e  and to  a s s i s t  in 
i n c r e a s in g  c o l l a b o r a t i v e  s k i l l s ,  a m a j o r  o b j e c t i v e  of 
c o o p e r a t i v e  grouping  ( Jo hn so n  & Jo h n so n ,  1987).
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T able  5 
taLQWLRoles
1. O r g a n iz e r / T im e  Manager: Makes s u r e  ev eryone  In th e  
group h a s  a ro le ,  k e e p s  t r a c k  of th e  t im e ,  and keeps  
e ve ry o n e  on task .
2. E n c o u ra g e r /O b se rv e r :  Makes s u r e  ev e ryo n e  h as  an 
o p p o r tu n i ty  to  p a r t i c i p a t e  and k e e p s  t r a c k  of how w e l l  
ev ery o n e  i s  w o rk in g  to g e th e r .
3. Recorder:  W r i t e s  down th e  g ro up ’s  d e c i s io n s  and s u b m i t s  
t h e  f ina l  p ro b lem  s e t  to  th e  t e a c h e r .
4. S u m m a r i z e r / C h e c k e r :  Makes s u r e  ev ery o n e  in th e  group 
u n d e r s t a n d s  w h a t  i s  be ing  s a i d  and t h a t  i t  m a k e s  s e n s e  
to  th e  group a s  a whole .
Note. For g ro u p s  of 3, r o l e s  1 and 2 a r e  combined.
A dap ted  f rom  C i r c l e s  of L earn ing  ( Jo h nson  e t  al., 1984)
The t e a c h e r s ’ ro l e  in c o o p e r a t i v e  l ea rn in g  w a s  a l s o  
d i s c u s s e d .  T h e i r  r e s p o n s i b i l i t i e s  included:
(1)  I n s t r u c t i n g  in c o o p e r a t i v e  lea rn in g
(2)  Modeling t h e  p ro b lem  p r e s c r i p t i o n
(3 )  P r e p a r in g  p ro b lem  s e t s  f ro m  t e x t b o o k - t y p e  p r o b le m s
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(4)  A s s i s t i n g  s t u d e n t s  w hen  c a l l e d  upon by a sk in g  
q u e s t i o n s  to  gu ide  and p ro m o te  th ink ing  r a t h e r  than  
re spo n d in g  w i t h  a d i r e c t  a n s w e r
(5)  Grading t h e  p ro b lem  s e t s
(6)  Prov id ing  t h e  c o n c e p tu a l  background  th rou g h  l e c t u r e  
and lab e x p e r i e n c e s  a s  i n d ic a te d  by t h e  p a r i s h  
c u r r i c u lu m  guide
(7)  P re p a r in g ,  a d m i n i s t r a t i n g ,  and e v a lu a t in g  t e s t s  
r e p r e s e n t a t i v e  of t h e  p rob lem  ty p e s  e x p e r i e n c e d  by th e  
s tu d e n t s .
T e a c h e r s  w e r e  c a u t io n e d  n o t  to  b i a s  t h e  s tu d y  by id e n t i fy in g  
p o s i t i v e l y  t o w a r d  any one group.
S u m m ary
The s a m p le  c o n s i s t e d  of  178 r e g u l a r  and hono rs  c h e m i s t r y  
s t u d e n t s .  T h is  s t u d y  w a s  c o n d u c ted  in t h r e e  high s c h o o l s  us ing  
e ig h t  c l a s s e s  f o r  a p e r io d  of se v e n  w eeks .  T h ese  c l a s s e s  w e r e  
ran d o m ly  a s s i g n e d  to  e x p e r i m e n t a l  t r e a t m e n t :  (a) s t u d e n t s  
s o lv e d  p r o b le m s  on an  ind iv idua l  b a s i s  o r  (b) s t u d e n t s  w e r e  
p la c e d  in h e t e r o g e n e o u s  g ro u p s  of t h r e e  o r  fo u r  b a s e d  upon th e  
s t u d e n t s '  p ro p o r t io n a l  r e a s o n in g  a b i l i t y  f o r  p rob lem  solv ing .
All s t u d e n t s  u se d  a p r e s c r i p t i v e  s t r a t e g y  fo r  p ro b lem  solving.
S t a t i s t i c a l  a n a l y s e s  w e r e  co n d u c ted  u s ing  a p r e t e s t  and 
p o s t t e s t  f o r  c h e m i s t r y  a c h i e v e m e n t  and a p re  • and p o s t ­
a t t i t u d e  m e a su re .  Q u a l i t a t i v e  a n a l y s e s  Inc luded v id e o ta p e
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a n a l y s e s ,  c l a s s r o o m  o b s e r v a t i o n s ,  t e a c h e r  c r i t i q u e s ,  and 
s t u d e n t s '  w r i t t e n  work.
CHAPTER IV 
RESULTS 
S t o i c h i o m e t r i c  P ro b lem  Solv ing
The p r im a r y  p u r p o s e  of t h i s  s t u d y  w a s  t o  d e t e r m i n e  th e  
e f f e c t  t h a t  c o o p e r a t i v e  g roups ,  h e te r o g e n e o u s ly  b a se d  on 
p ro p o r t io n a l  r e a s o n in g  a b i l i ty ,  have  on s t o i c h i o m e t r i c  p rob lem  
so lv in g  in r e g u l a r  and h o n o rs  high schoo l  c h e m is t r y .  R e s t a t e d  
in t e r m s  of a null h y p o t h e s i s ,  t h e r e  i s  no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  .05 level  in th e  p o s t t e s t  m e a n s  
b e t w e e n  s t u d e n t s  of d i f f e r i n g  p r o p o r t io n a l  r e a s o n in g  a b i l i t i e s  
so lv in g  s t o i c h i o m e t r i c  p r o b l e m s  ind iv id u a l ly  o r  in c o o p e r a t i v e  
groups.
A 2 x 2 x 3  a n a l y s i s  of c o v a r i a n c e  w a s  p e r f o r m e d  on the  
c h e m i s t r y  p o s t t e s t  c o n s i s t i n g  of 10 i t e m s  d i c h o to m o u s ly  
sco red .  Independen t  v a r i a b l e s  c o n s i s t e d  of t w o  l e v e l s  of 
t r e a t m e n t  ( i n d iv id u a l i z e d  and grouped) ,  t w o  l e v e l s  of ty p e  
( r e g u l a r  and honors ) ,  and t h r e e  l e v e l s  of p ro p o r t io n a l  r e a s o n in g  
(n o n p ro p o r t io n a l ,  t r a n s i t i o n a l ,  and p ro p o r t io n a l ) .  The 
c o v a r i a t e  w a s  t h e  c h e m i s t r y  p r e t e s t .  The Genera l  L in e a r  
Models (GLM) P r o c e d u r e  a d j u s t e d  f o r  t h e  u n b a la n c e d  d e s ig n  due 
to  unequal  c e l l s  (T ab le  3).
A f t e r  a d j u s t m e n t  f o r  t h e  c o v a r i a t e  ( p r e t e s t ) ,  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  m a in  e f f e c t s  of t r e a t m e n t ,  type ,  and 
p ro p o r t io n a l  r e a s o n i n g  w e r e  found on th e  p o s t t e s t
5 2
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p e r f o r m a n c e ,  nor  w e r e  t h e r e  s i g n i f i c a n t  i n t e r a c t i o n s  (p<.05). 
(See  T ab le  6).
T ab le  6
A n a ly s i s  of C o va r ia n ce  f o r  C h e m is t r y  P o s t t e s t
S o u rc e  of 
V a r ia t io n
Sum of 
S a u a r e s df
Mean
S a u a re F D
C o v a r ia t e
P r e t e s t 10 .66 1 10.66 3 .56 .06
Main E f f e c t s
Prp. Reas. 13 .20 2 13.20 2.21 .1 1
T r e a t m e n t .23 1 .23 .08 .78
Type 4 .6 2 1 4 .62 1.55 .22
I n t e r a c t i o n s
P r p * T r t 1.42 2 - .24 .79
■ Prp*Typ 2 .3 3 2 - .39 .68
T r t* T y p .00 1 - .00 .98
P r p * T r t* T y p 16.13 2 - 2 .7 0 .07
Expla ined 9 0 .8 6 12 7.57 2 .53 -
Residua l 4 9 3 .6 3 165 2 .99 - -
Tota l 5 8 4 . 4 9 177 - - -
5 4
L e a s t  s q u a r e  m e a n s  (p o p u la t io n s  m arg in a l  m e a n s )  a r e  th e  
m e a n s  t h a t  w ou ld  be e x p e c te d  fo r  a b a la n ce d  d e s ig n  involving 
th e  indep en d en t  v a r i a b l e s  of t r e a t m e n t ,  type ,  and p ro p o r t io n a l  
r e a s o n in g  w i t h  th e  c o v a r i a t e  (Appendix  P).
The t h r e e - w a y  i n t e r a c t i o n  of p ro p o r t io n a l  r e a s o n in g  by 
t r e a t m e n t  by type ,  a l th o u g h  s t a t i s t i c a l l y  n o n s i g n i f i c a n t  a t  th e
.05 leve l ,  may s u g g e s t  a t r e n d  (Table  6). The l e a s t  sq u a r e  
m e a n s  f o r  th e  p o s t t e s t  f o r  p ro p o r t io n a l  r e a s o n in g  by t r e a t m e n t  
by ty p e  a r e  found in T ab le  7.
Tab le  7
L e a s t  S a u a re  Means f o r  P o s t t e s t  f o r  P ro p o r t io n a l  R e ason in a  bv
T r e a t m e n t  bv Tvoe
Individual Grouped
R egu la r  Honors R egu la r  Honors
NP 3 .87  4.81 3 .93  4 .3 4
T 3 .9 7  4 .75 4 .48  3 .7 4
P 5 .0 8  4 .5 7 4 .30  5 .77
The g raph  of t h e  t h r e e - w a y  i n t e r a c t i o n  (F igure  1) 
i l l u s t r a t e s  b e t t e r  p e r f o r m a n c e  of p ro p o r t io n a l  r e a s o n e r s  in 
h o no rs  c l a s s e s  in a c o o p e r a t i v e  grouping  e n v i ro n m e n t  fo r  
p rob lem  so lv in g  (M=5.77). T r a n s i t i o n a l  r e a s o n e r s  in g roups
5 5
p e r f o r m e d  b e t t e r  in r e g u l a r  c l a s s e s  (M=4.48), bu t  in honors  
c l a s s e s  p e r f o r m e d  b e t t e r  on an ind iv idua l  b a s i s  (M=4.75). 
N onpropor t ional  r e a s o n e r s '  p e r f o r m a n c e  w a s  g r e a t e s t  when  
so lv ing  p ro b le m s  in d iv id u a l ly  in h o n o rs  c l a s s e s  (M=4.81).
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Figure  1
P lo t  of T h r e e - w a v  I n t e r a c t i o n  of P ro p o r t io n a l  R eason ing  bv 
T r e a t m e n t  bv Type f o r  P o s t t e s t
t0
a>
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S e c o n d a ry  Q u e s t io n s  
What i n t e r c o r r e l a t i o n s  e x i s t  among th e  v a r i a b l e s  
m a t h e m a t i c a l  a p t i t u d e ,  age, sex ,  and p ro p o r t io n a l  r e a so n in g  
a b i l i t y ?
Math s t a n i n e s  f rom  t h e  s t u d e n t s '  l a s t  C a l i fo rn ia  
A c h ie v e m e n t  T e s t  s e r v e d  a s  an i n d ic a t o r  of m a t h e m a t i c a l  
a p t i tu d e .  P e a r s o n  P ro d u c t -M o m e n t  C o r r e l a t i o n s  w e r e  
p e r f o r m e d  on age,  sex ,  m a t h  s t a n i n e s ,  and p ro p o r t io n a l  
r e a s o n in g  a b i l i t y  (T ab le  8), The a lpha  level  w a s  s e t  a t  .05, A 
s i g n i f i c a n t  n e g a t iv e  a s s o c i a t i o n  w a s  found b e t w e e n  m a th  
s t a n i n e s  and age  and a l s o  p ro p o r t io n a l  r e a s o n in g  a b i l i t y  and 
age. The m a th  s t a n i n e s  and r e a s o n in g  a b i l i t y  w e r e  l o w e r  fo r  
th e  o ld e r  s tu d e n t .  A s i g n i f i c a n t  p o s i t i v e  a s s o c i a t i o n  w a s  
found b e t w e e n  m a t h  s t a n i n e s  and p ro p o r t io n a l  r e a s o n in g  
a b i l i t y  w i t h  h ig h e r  m a t h  s t a n i n e s  a s s o c i a t e d  w i t h  h ig h e r  
p ro p o r t io n a l  r e a s o n in g  a b i l i ty .  No s i g n i f i c a n t  c o r r e l a t i o n s  
w e r e  found b e t w e e n  m a t h  s t a n i n e s  and sex ,  p ro p o r t io n a l  
r e a s o n in g  a b i l i t y  and sex ,  and age  and sex.
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T ab le  8
P e a r s o n  C o r r e l a t i o n  C o e f f i c i e n t s  f o r  Age. Sex. Math S t a n in e s .  
and P ro p o r t io n a l  R eason ing  A b i l i ty  ( P r o)
Sex S ta n in e Prp
Age
C o e f f i c i e n t - . 0 9 1 5 - . 5 3 8 6 * -. 1 9 8 0 *
S i g n i f i c a n c e
Sex
.2 0 8 0 .0001 .0 0 6 0
C o e f f i c i e n t - - . 0 8 1 5 - . 1 0 1 3
S i g n i f i c a n c e
S t a n in e
.2 7 0 3 .1 6 3 3
C o e f f i c i e n t - - . 4 0 7 8 *
S i g n i f i c a n c e ,0001
*p<.05
Are a t t i t u d e  d i f f e r e n c e s  n o te d  b e t w e e n  s t u d e n t s  of d i f f e r e n t  
p ro p o r t io n a l  r e a s o n in g  a b i l i t i e s  a s s i g n e d  to  r e g u l a r  o r  h onors  
c l a s s e s  who  so lv e  p r o b l e m s  in d iv idu a l ly  or  in c o o p e r a t i v e
gems?
A s c i e n c e  a t t i t u d e  s u r v e y  w a s  u se d  a s  b o th  t h e  p r e t e s t  and 
p o s t t e s t  t o  m e a s u r e  a t t i t u d e s  t o w a r d  s c i e n c e  (Aiken, 1979). 
T h is  L i k e r t - t y p e  q u e s t i o n n a i r e  (Appendix  F) c o n s i s t s  of 2 4  
i t e m s  e l i c i t i n g  r e s p o n s e s  in d ic a t i n g  w h e t h e r  th e  s t u d e n t s  
s t r o n g l y  a g re e d  o r  d i s a g r e e d  w i t h  t h e  i t e m s  ran g in g  f ro m  f iv e  
to  one r e s p e c t iv e ly .  A 2 x 2 x 3  a n a l y s i s  of c o v a r i a n c e  w a s
5 9
p e r f o r m e d  on t h e  t o t a l  p o s t t e s t  sco re .  Independen t  v a r i a b l e s  
c o n s i s t e d  of  t w o  l e v e l s  of  t r e a t m e n t  ( in d iv id u a l i z e d  and 
grouped),  t w o  l e v e l s  of  t y p e  ( r e g u l a r  and honors ) ,  and t h r e e  
l e v e l s  of p ro p o r t io n a l  r e a s o n in g  (n o n p ro p o r t io n a l ,  t r a n s i t i o n a l ,  
and p ro p o r t io n a l ) .  The c o v a r i a t e  w a s  t h e  a t t i t u d e  p r e t e s t .  The 
GLM P ro c e d u re  a d j u s t e d  f o r  t h e  u n b a la n ce d  d e s ig n  due to  
unequal  c e l l s  (Table  3).
A f t e r  a d j u s t m e n t  f o r  t h e  c o v a r i a t e  ( p r e t e s t ) ,  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  m a in  e f f e c t s  of t r e a t m e n t ,  type ,  and 
p ro p o r t io n a l  r e a s o n in g  w e r e  found f o r  t h e  a t t i t u d e  p o s t t e s t  
no r  w e r e  t h e r e  s i g n i f i c a n t  i n t e r a c t i o n s  (p<.05). (S ee  T ab le  9).
6 0
T ab le  9
Analysis  of Covariance for A tt i tude P o s t te s t
S o u rce  of 
V a r ia t io n
Sum of 
S q u a r e s df
Mean
Square F P
C o v a r ia te
P r e t e s t 3 0 5 8 1 , 2 3 1 3 0 5 8 1 . 2 3 2 1 5 .0 2 .00
Main E f f e c t s
Prp. Reas. 62.81 2 62.81 0 .22 .80
T r e a t m e n t 7 9 .5 4 1 7 9 .5 4 0 .56 .46
Type 8 .0 7 1 8 .07 0 .06 .81
I n t e r a c t i o n s
P r p * T r t 6 2 . 5 4 2 - 0 .22 .80
Prp*Typ 56.21 2 - 0 .20 .82
T r t* T y p 71.51 1 - 0 .50 .48
P rp * T r t* T y p 5 9 2 . 4 4 2 - 2.08 .13
Expla ined 3 4 5 1 3 . 4 2 12 2 8 7 6 .1 2 2 0 .2 2 -
Residual 2 3 8 9 4 . 2 9 168 142.23 - -
Tota l 5 8 4 0 7 .7 1 180 - - -
L e a s t  s q u a r e  m e a n s  f o r  a t t i t u d e  f o r  th e  m ain  e f f e c t s  a s  
w e l l  a s  i n t e r a c t i o n s  can  be found in Appendix P.
Although  not  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  .05 level ,  th e  
t h r e e - w a y  i n t e r a c t i o n  m ay  s u g g e s t  a p o s s ib l e  t rend .  L ea s t  
s q u a r e  m e a n s  f o r  a t t i t u d e  f o r  t h e  t h r e e - w a y  i n t e r a c t i o n  of th e
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Independen t  v a r i a b l e s  of  t r e a t m e n t ,  type ,  and p ro p o r t io n a l  
re a so n in g  in d i c a t e  t h e  m o s t  p o s i t i v e  a t t i t u d e  f o r  t r a n s i t i o n a l  
r e a s o n e r s  in grouped  h o n o rs  c l a s s e s  (M=75.5) and t h e  l e a s t  
p o s i t i v e  a t t i t u d e  f o r  non p ro p o r t io na l  r e a s o n e r s  so lv in g  
p ro b le m s  in d iv id u a l ly  in r e g u l a r  c h e m i s t r y  c l a s s e s  (M=65.4). 
See  T ab le  10. The graph  of th e  t h r e e - w a y  i n t e r a c t i o n  of 
t r e a t m e n t ,  p ro p o r t io n a l  r e a so n in g ,  and ty p e  (F igure  2)  
i l l u s t r a t e s  t h a t  p ro p o r t io n a l  r e a s o n e r s  in ho n o rs  c l a s s e s  may 
have  a m o re  .p o s i t iv e  a t t i t u d e  w hen  so lv ing  p ro b le m s  
in d iv id ua l ly  t h a n  in g ro u p s  (M=74.7; M=65.4), w h i l e  
p ro p o r t io n a l  r e a s o n e r s  in r e g u l a r  c l a s s e s  may have  a m o re  
p o s i t i v e  a t t i t u d e  w hen  so lv in g  p r o b le m s  in g rou p s  r a t h e r  th an  
ind iv id ua l ly  (M=75.3; M=70.2).
T ab le  10
L e a s t  S q u a re  Means f o r  A t t i t u d e  f o r  P ro p o r t io n a l  R eason ing  by 
T reatm en U ay. Type
Individual  Grouped
Regu la r Honors R egu la r Honors
NP 6 5 .4 7 4 .9 75 .3 7 0 .2
T 73 .3 6 8 .7 71 .0 75 .5
P 70.1 71.1 7 1 .7 69 .3
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Figure  2
Plot of Three-wav Interac t ion  of Proportional Reasoning bv 


































I n t e r c o r r e l a t i o n s  am ong  th e  2 4  i t e m s  and f iv e  s c o r e s  on th e  
o r ig in a l  q u e s t i o n n a i r e  (Aiken, 1979)  s u g g e s t e d  t h r e e  f a c t o r s  
w e r e  being m easu red :  e n jo y m e n t  or  i n t e r e s t ,  p e rc e iv e d  
i m p o r t a n c e  or  va lue ,  and f r e e d o m  f ro m  f e a r  or  a n x ie ty  t o w a r d  
th e  s p e c i f i c  s u b j e c t .  The m o t i v a t i o n  v a r i a b l e  w a s  found to  be 
r e l a t e d  too  c lo s e ly  t o  e n jo y m e n t  or  i n t e r e s t  to  be a s e p a r a t e  
f a c to r .  A p r in c ip a l  f a c t o r  e x t r a c t i o n  w i t h  o r th o go n a l  r o t a t i o n  
w a s  p e r f o r m e d  on t h e  2 4  i t e m s  of t h e  r e v i s e d  q u e s t i o n n a i r e  
used  in t h i s  s tu d y  (Appendix  P). T h is  e x t r a c t i o n  w a s  
p e r f o r m e d  f o r  bo th  t h e  a t t i t u d e  p r e -  and p o s t - m e a s u r e s .  
C om p ar iso n  of t h e  i t e m s  f o r  each  f a c t o r  on t h e  p r e -  and 
p o s t - q u e s t i o n n a i r e s  i n d ic a t e d  fo u r  i t e m s  r e l a t i n g  to  
m o t iv a t io n ,  e n jo y m e n t ,  o r  i n t e r e s t  loaded  on f a c t o r  1, fo u r  
i t e m s  r e l a t i n g  to  f e a r  o r  a n x ie ty  loaded  on f a c t o r  2, and only 
t w o  i t e m s  r e l a t i n g  t o  i m p o r t a n c e  loaded  on f a c t o r  3.
S u b s c a l e s  w e r e  e s t a b l i s h e d  fo r  e a c h  f a c t o r  and 2 x 2 x 3  
ANCOVA's w e r e  p e r f o r m e d  on e a c h  s u b s c a l e .  The ind ep en d en t  
v a r i a b l e s  of t r e a t m e n t ,  t y p e ,  and p ro p o r t io n a l  r e a s o n in g  
r e m a in e d  t h e  sam e.  The c o v a r i a t e  w a s  t h e  s u b s c a l e  on th e  
p r e - a t t i t u d e  m e a su re .  A f t e r  a d j u s t m e n t  f o r  t h e  c o v a r i a t e  
u s ing  th e  GLM P ro c ed u re ,  t h e r e  w e r e  no s i g n i f i c a n t  m a in  
e f f e c t s  nor  s i g n i f i c a n t  i n t e r a c t i o n s  u s in g  t h e  s u b s c a l e s  fo r  
m o t i v a t i o n  and im p o r ta n c e .  For t h e  s u b s c a l e  of f e a r  or 
a n x ie ty ,  t h e r e  w e r e  no s i g n i f i c a n t  m a in  e f f e c t s ,  bu t  t h e r e
6 4
w e r e  s i g n i f i c a n t  i n t e r a c t i o n s  of ty p e  and p ro p o r t io n a l  
r e a so n in g ,  F ( 2 ,1 8 0 ) = 3 .16, p<.05 and t r e a t m e n t  and type ,
F( 1 ,18 0 ) = 4 8 7 ,  p<.05 (T ab le  1 1).
Tab le  1 1
A n a ly s i s  of C o va r ia n ce  f o r  P o s t - A t t i t u d e  S u b s c a l e  Fea r  and 
A nxie ty
Source  of 
V a r ia t io n
Sum of 
S q u a r e s df
Mean
Squa re F P
C o v a r ia te
P r e s c a l e  
Main E f f e c t s
4 0 9 .4 5 1 4 0 9 .4 5 1 12.20 .00
Prp. Reas. 16.02 2 16.02 2 .19 .1 1
T r e a t m e n t 0 .45 1 0 .45 0 .12 .73
Type 4 ,17 1 4 .17 1.14 .29
I n t e r a c t i o n s
P r p * T r t 1.48 2 - 0 .20 .82
Prp*Typ 2 3 .0 8 2 - 3 .16 .04*
T r t* T y p 17.79 1 - 4 .87 .03*
P rp * T r t* T y p 1.69 2 - 0 .23 .79
Expla ined 5 2 2 . 8 4 12 4 3 .5 7 1 1.94 -
R esidual 6 1 3 . 0 9 168 3 .65 - -
Tota l 1 135 .93 180 - - -
*p<.05
6 5
S in c e  f e a r  o r  a n x ie ty  i s  a n e g a t iv e  a t t i t u d e ,  t h e  s m a l l e r  
m e a n s  d e n o te  a g r e a t e r  f e a r  o r  a n x ie ty  w h i l e  th e  l a r g e r  m e a n s  
d e n o te  a p o s i t i v e  a t t i t u d e  due to  l e s s  f e a r  or anx ie ty .
In h o n o rs  c h e m i s t r y  c l a s s e s ,  t h e  f e a r  or  a n x ie ty  of t r a n s i t i o n a l  
s t u d e n t s  w a s  g r e a t e r  t h a n  fo r  o t h e r  s t u d e n t s  of d i f f e r i n g  
p ro p o r t io n a l  r e a s o n in g  a b i l i t y  in e i t h e r  ty p e  c l a s s  (M=5.9 
v e r s u s  M=7.2-8.0;  T ab le  12, F igure  3).
T ab le  12
L e a s t  S q u a re  Means f o r  F e a r  o r  A nx ie ty  f o r  P ro p o r t io n a l  
R eason ing  by Type
Type
R egu la r Honors
NP 7 .2 0  . 
7 .6 2
7 .35
T 5 .9 4
P 7 .5 2 7 .9 7
6 6
Figure  3
P lo t  of T w o - w a y  I n t e r a c t i o n  of P ro p o r t io n a l  R eason ing  bv Type 


















In r e g u l a r  c h e m i s t r y  c l a s s e s  th e  f e a r  or  a n x ie ty  of grouped 
s t u d e n t s  w a s  l e s s  th a n  t h a t  of s t u d e n t s  so lv ing  p r o b le m s  
ind iv idua l ly  (M=7.9 v e r s u s  M=7.0). The o p p o s i t e  w a s  t r u e  in 
honors  c l a s s e s  w i t h  t h e  f e a r  or  a n x ie ty  of s t u d e n t s  so lv ing  
p ro b le m s  ind iv idua l ly  be ing  l e s s  t h a n  t h a t  of grouped  s t u d e n t s  
(M=7.4 v e r s u s  M=6 .8 ; T ab le  13, F igure  4). S in c e  f e a r  or a n x ie ty  
i s  a n e g a t iv e  a t t i t u d e ,  t h e  s m a l l e r  m e a n s  d e n o te  a g r e a t e r  f e a r  
or  a n x ie ty  w h i l e  th e  l a r g e r  m e a n s  d e n o te  a p o s i t i v e  a t t i t u d e  
due to  l e s s  f e a r  or  anx ie ty .
T ab le  13
L e a s t  S q u a re  Means fo r  F e a r  or  A nx ie ty  f o r  Type bv T r e a t m e n t
T r e a t m e n t
Type Individual Grouped
R egular 7 .02 7 .88
Honors 7 .40 6 .77
6 8
Figure  4
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E l i c i t e d  r e s p o n s e s  f ro m  a t t i t u d e  su rveys .
S t u d e n t s  In th e  honors  c h e m i s t r y  c l a s s e s  w e r e  given  th e  
o p t ion  of w r i t i n g  c o m m e n t s  on t h e i r  a t t i t u d e  su rv e y  a n s w e r  
s h e e t s ,  in th e  in d iv id u a l ize d  c l a s s e s  ( co n t ro l  t r e a t m e n t ) ,  48% 
( 2 4 / 5 0 )  of th e  s t u d e n t s  c h o se  to  w r i t e  c o m m e n t s  a s  c o m p ared  
to  72% ( 3 3 / 4 6 )  of th e  s t u d e n t s  w ork ing  in g roups  
( e x p e r im e n ta l  t r e a t m e n t ) .  Over h a l f  (57.6%; 1 9 / 3 3 )  of  th e  
g rouped  s t u d e n t s  c i t e d  e n jo y m e n t  a s  i l l u s t r a t e d  by th e  
f o l lo w in g  e x c e rp t s :
T: "I have  th o ro u gh ly  en jo y e d  the  group m e th o d  of 
p ro b lem  so lv in g  w h ic h  w e  have em ployed  so  f a r  
t h i s  year . I fee l  t h a t  i t  shou ld  be u sed  m o re  
w id e ly ,  p e rh a p s  in a l l  c l a s s e s  of c h e m is t r y .
The group m e th o d  h a s  enab led  our  group to  put  
our k n o w le d g e  t o g e t h e r  to  work  th e  p rob lem s,  
in d iv id u a l ly  w e  w ou ld  no t  have been  a b le  to  
a b so rb  t h e  c o n c e n t r a t e d  am o un t  of i n f o r m a t io n  
g iven  to  u s  a l l  a t  once."
NP: "I f ind  c h e m i s t r y  an i n t e r e s t i n g  and n e c e s s a r y  
p a r t  of my e d u c a t io n ;  h o w ev er ,  i t  d o es  have  
i t s  d i f f i c u l t y ,  bu t  t h a t  m a k e s  i t  m o re  
c h a l le n g in g  and t h u s  enjoyable ."
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P: "I have  e n jo y e d  th e  p rog ram  ve ry  much. I have  
l e a rn e d  a lo t  so  f a r  and I'd l ike  t o  c o n t in u e  
l ea rn in g  how to  so lv e  w ord  p rob lem s .  I th ink  
t h a t  w o rk in g  in g roups  t a u g h t  us  to  w o rk  
b e t t e r  w i t h  our  c l a s s m a t e s . "
NP: " C h e m is t ry  i s  fun, bu t  hard. Working in a 
group m a k e s  i t  a lo t  e a s i e r  to  lea rn  and help  
e ac h  other ."
T: "I en jo y e d  w o rk in g  in g roups  b e c a u s e  you know 
t h a t  if you do a p ro b lem  and g e t  i t  w ron g  
so m e o n e  i s  t h e r e  to  he lp  you f ind  y ou r  e r ro r .
In c l a s s  t h e  t e a c h e r  d o e s n ' t  have  t i m e  to  work  
w i t h  us  ind iv id u a l ly  and to  c o r r e c t  all  t h e  
e r ro rs ."
Only 15% ( 5 / 3 3 )  of th e  s t u d e n t s  s t a t e d  t h a t  th ey  did n o t  en joy  
w o rk in g  in g ro u ps  a s  i n d ic a t e d  by t h e  fo l lo w in g  e x c e rp t s :
P: "I d idn ' t  l ike  w o rk in g  in g ro u ps  and I found I 
w a s  m o r e  m o t i v a t e d  and e x c e l l e d  b e t t e r  w o rk in g  
a lone ,  a l th o u g h  I w a s  ab le  to  help  th e  o t h e r  
m e m b e r s  in my group.”
P: "I d id n ' t  l ike  w o rk in g  in groups. For m y s e l f ,  
i t  i s  m uch  e a s i e r  t o  u n d e r s t a n d  t h in g s  w o rk in g  
alone. I cou ld  have  ad v an ced  m y s e l f  f a r t h e r  
w i t h o u t  group  work."
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P: "I d idn ' t  l ike  t h e  id ea  t h a t  w e  w e r e  pu t  in 
g roups  b e c a u s e  i t  i s  h a r d e r  to  t a k e  a t e s t  
b e c a u s e  each  p e r s o n  in th e  group depend s  on 
a n o th e r  and you don ' t  q u i t e  lea rn  enough. I 
s u g g e s t  g roups  f o r  t h e  te s t . "
Som e s t u d e n t s  w o rk in g  in d iv id u a l ly  e x p r e s s e d  a d e s i r e  to  w ork  
in g roups  a s  i l l u s t r a t e d  by th e  fo l lo w in g  c o m m en ts :
NP: ' 'Doing th e  c h e m i s t r y  i s  i n t e r e s t i n g  to  me,  bu t  
n o t  g e t t i n g  he lp  f ro m  o t h e r s  m a k e s  m e  f ee l  
los t .  I w i s h  w e  cou ld  g e t  he lp  f rom  o t h e r s  
w h i l e  doing t h e  equa t ions ."
T: "1 l ike  no t  be ing  g rouped  b e c a u s e  w e  a re  
r e s p o n s i b l e  f o r  o u r s e l v e s ,  bu t  g rouping  w ou ld  
be b e n e f i c i a l  in t h a t  w e  w o u ld  lea rn  and 
u n d e r s t a n d  f a s t e r . "
P: "We shou ld  all  w o rk  in groups. I don ' t  l ike  
w o rk in g  indiv idua lly ."
O th e r  c o m m e n t s  f o c u s e d  on t h e  u se  of  t h e  p r e s c r i p t i v e  
m ethod .  T h is  m e th o d  in c lu ded  a: (a)  s t a t e m e n t  of  th e  p rob lem ,
(b) r e d e s c r i p t i o n  t h a t  inc lud ed  e x t r a c t i o n  of t h e  s t a t e d  a s  w e l l  
a s  t h e  im p l ied  i n f o r m a t i o n  and a p i c t u r e  d e s c r i p t i o n ,
(c)  p re d ic t i o n ,  (d) m a t h e m a t i c a l  so lu t io n ,  and (e)  check  
(Appendix N). Very f e w  s t u d e n t s  w o rk in g  in g ro u p s  c o m m e n te d  
on t h i s  s t r a t e g y ,  h o w e v e r  m o s t  of  t h e s e  c o m m e n t s  w e r e  f rom
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p ro p o r t io n a l  r e a s o n e r s  and  w e r e  c h a r a c t e r i z e d  a s  being 
nega t ive .
P: "! found i t  e a s i e r  to  sk ip  all  t h e  u n n e c e s s a r y  
e s t i m a t i o n s  and such."
P: "I th o u g h t  th e  p r o c e s s  is  u s e l e s s  e x c e p t  to  
w a s t e  t ime."
P: "I d idn ' t  l ike  having to  do all  t h e  s t e p s  in 
so lv in g  a problem."
Only one s t u d e n t ,  a n o n - p r o p o r t io n a l  r e a s o n e r ,  w ork ing  in a 
group c o m m e n te d  p o s i t iv e ly ,  "The p ro c e d u re  he lped  me 
u n d e r s t a n d  th e  c h e m ic a l  p ro b lem  so lv in g  be t te r . "
On th e  o t h e r  hand, m o s t  n o n - p ro p o r t io n a l  r e a s o n e r s  w ork ing  
ind iv idua l ly  w r o t e  p o s i t i v e  s t a t e m e n t s  co nce rn in g  th e  u se  of 
th e  p r e s c r i p t i v e  m e th o d  a s  i n d ic a te d  in th e  f o l lo w in g  e x ce rp ts :  
NP: "I have  en jo y e d  th e  m e th o d  of p rob lem  solving.
It m a k e s  th e  p ro b lem  e a s i e r  to  u n d e r s t a n d  and 
to  do. 1 a l s o  l iked  i t  b e c a u s e  i t  h e lp s  
deve lop  yo u r  th in k in g  sk i l ls ."
NP: "I l ike  th e  p r o b l e m - s o l v in g  m e th o d  and found 
i t  w a s  p r e t t y  easy."
NP: "The p r o c e d u re  w o r k e d  s o m e w h a t  on me. I 
r e a l i z e d  how i m p o r t a n t  i t  i s  to  th ink  on your  
own in c h e m is t r y .  However ,  I have  not  
m a s t e r e d  t h e  th in k in g  p a r t  j u s t  yet."
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One s t u d e n t  a n a ly z e d  t h e  v a lu e  of th e  p r e s c r i p t i v e  m e th o d  fo r  
s t u d e n t s  by s t a t i n g :
P "When lea rn in g  to  w o rk  new p ro b le m s ,  th e  
p r e s c r i p t i o n  m e th o d  is  he lp fu l  b e c a u s e  i t  m ore  
or  l e s s  e x p la in s  w h e r e  each  p ie c e  c o m e s  f rom  
and w h e r e  each  p i e c e  goes. When I have 
l e a rn e d  to  do th e  p ro b le m s ,  t h i s  m eth o d  
b e c o m e s  u n n e ce ssa ry ."
Many s t u d e n t s  i n d ic a t e d  t h a t  th e  d e g re e  of d i f f i c u l t y  of th e  
p r o b le m s  w a s  high, but  t h a t  t h e  p r e s c r i p t i v e  m e th o d  a n d / o r  
g roup ing  m ad e  th e  p r o b l e m s  e a s i e r .
Are t h e r e  d i f f e r e n c e s  in t h e  c h a r a c t e r i s t i c s  e x h ib i t e d  bv 
s t u d e n t s  of d i f f e r e n t  p ro p o r t io n a l  r e a s o n in g  a b i l i t y  w h i l e  
so lv in g  p r o b le m s  in c o o p e r a t i v e  g ro u ps  o r  ind iv idua l ly '?
In o r d e r  to  a n s w e r  t h i s  q u e s t io n ,  2 2  s t u d e n t  t e a m s  w e r e  
a sk e d  to  so lv e  l im i t i n g  r e a g e n t  s t o i c h i o m e t r i c  p r o b le m s  w h i l e  
be ing  v id e o t a p e d  a t  t h e  end of  t h e  s e v e n  w e ek  s tu d y  (Appendix 
K). S t u d e n t s  had n o t  been  in t r o d u c e d  to  t h i s  ty p e  of p rob lem  
p r e v io u s ly  b u t  w e r e  a s k e d  to  apply  t h e i r  k n o w le d g e  of 
s t o i c h i o m e t r i c  p ro b lem  so lv in g  to  t h i s  new  s i t u a t io n .
S t u d e n t s  f ro m  t h e  c o n t ro l  t r e a t m e n t  (n=22)  w e r e  p a i r e d  w h i l e  
so lv in g  t h e  p r o b l e m s  and t h e  p ro p o r t io n a l  r e a s o n in g  of  e ac h  
noted.  The o r ig in a l  g ro u p s  r e p r e s e n t i n g  t h e  e x p e r i m e n t a l  
t r e a t m e n t  w e r e  m a i n t a i n e d  w h i l e  t h e y  w e r e  v i d e o ta p e d  (n=33).
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Even though  s t u d e n t s  had been  u t i l i z i n g  th e  p r e s c r i p t i v e  
m e th o d  fo r  p rob lem  so lv ing ,  th e  p ro b le m - s o lv in g  s t r a t e g y  
em ployed  by th e  s t u d e n t s  w a s  t h e i r  dec is ion .  S u c c e s s f u l  
p ro b lem  s o l v e r s  w e r e  d e f in e d  a s  t h o s e  ab le  to  d e r iv e  a c o r r e c t  
a n s w e r  b a s e d  upon log ica l  r a t i o n a l i z a t i o n s  such  a s  w r i t i n g  a 
b a la n ce d  c h e m ic a l  e q u a t io n  and r e l a t i n g  t h e  m o le  r a t i o  t o  th e  
a c tu a l  m o le  q u a n t i t i e s  in t h e  problem. An a n s w e r  w a s  
c o n s id e r e d  c o r r e c t  if t h e  s t u d e n t  m ade  only a c a r e l e s s  m a th  
error .
A f t e r  e x t e n s i v e  r e v i e w  of the  v i d e o t a p e s  by th e  r e s e a r c h e r ,  
c h a r a c t e r i s t i c s  of s u c c e s s f u l  and u n s u c c e s s f u l  p rob lem  
s o l v e r s  a s  a w ho le  w e r e  n o te d  and a s s o c i a t e d  w i t h  s t u d e n t s  of 
v a ry in g  p ro p o r t io n a l  r e a s o n in g  a b i l i t i e s .  This  s e c t i o n  a l so  
a n a ly z e s  and s y n t h e s i z e s  v id e o ta p e s ,  s t u d e n t s '  w r i t t e n  work  
(Appendix  M), and c l a s s r o o m  o b s e r v a t i o n s  of s t u d e n t s  who had 
been  so lv in g  p r o b le m s  ind iv idua l ly  a s  c o m p a re d  to  t h o s e  who 
had been  so lv in g  p r o b le m s  in groups.  The t e a c h e r s  in t h i s
A
s tu d y  r e v i e w e d  t h e  v i d e o t a p e s  and s u b m i t t e d  a w r i t t e n  r e p o r t  
e v a lu a t in g  th e  c l a s s r o o m  o b s e r v a t i o n s ,  s t u d e n t s '  w ork ,  and th e  
s tu d y  a s  a  w h o le  (Appendix  L). Only one t e a c h e r  s p e c i f i c a l l y  
m e n t io n e d  th e  e v a lu a t io n  of t h e  v id e o ta p e s .
S u c c e s s f u l  and u n s u c c e s s f u l  p rob lem  so lv e r s .
Eight  of t h e  2 2  s t u d e n t  t e a m s  (36%) w e r e  s u c c e s s f u l  in 
so lv in g  a l im i t i n g  r e a g e n t  p rob lem . T h ese  t e a m s  c o n s i s t e d  of
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t h r e e  p a i r s  (n=6 ) and f iv e  g roups  (n=15), In a i l  c a s e s  a 
p ro p o r t io n a l  r e a s o n e r  (P) or  a t r a n s i t i o n a l  r e a s o n e r  (T) w a s  
r e p r e s e n t e d  in the  group.
When a p p ro p r i a t e ,  s u c c e s s f u l  p rob lem  s o l v e r s  began each  
p ro b lem  by w r i t i n g  a b a la n ce d  e q u a t io n  and d e te r m in in g  th e  
m o le  r a t i o  f rom  th e  equat ion ,  They o rg a n iz e d  t h e i r  p rob lem  by 
s t a t i n g  th e  given  in f o r m a t io n  and th e  unknown and labe l ing  
each  qu an t i ty ,  Som e s t u d e n t s  d re w  p i c t u r e s  and u sed  them  to  
e s t i m a t e  th e  a c tu a l  m o le  q u a n t i t i e s  f ro m  th e  a t o m i c  m a s s e s  
of th e  e l e m e n t s  involved in th e  p rob lem  a s  s p e c i f i e d  by the  
p r e s c r i p t i v e  method,  T hese  s t u d e n t s  b roke  t h e i r  p rob lem  in to  
s t e p s  and one group a c t u a l l y  w r o t e  th e  w o r d s  s t e p  1, s t e p  2 , 
e tc ,  C amacho  a l s o  r e p o r t e d  s i m i l a r  o b s e r v a t i o n s  of s u c c e s s f u l  
s t u d e n t s  b rea k in g  th e  p rob lem  in to  s t e p s  (1986) ,
C o n c ep tu a l ly  s u c c e s s f u l  p rob lem  s o l v e r s  u n d e rs to o d  the  
r e l a t i o n s h i p  b e tw e e n  a b a la n c e d  c h e m ic a l  e q u a t io n  and th e  
g iven  m a s s  q u a n t i t i e s ,  w h i l e  u n s u c c e s s f u l  s t u d e n t s  had 
d i f f i c u l t y  d i s t i n g u i s h in g  b e t w e e n  th e  c o e f f i c i e n t s  and th e  
a c tu a l  m o le  q u a n t i t i e s .  For  ex am ple ,  one s t u d e n t  group 
b a la n c e d  an e q u a t io n  and th e n  c o n v e r t e d  th e  g iven  m a s s e s  f o r  
t h e  t w o  e l e m e n t s  in q u e s t io n  to  m o le s  in o r d e r  to  d e t e r m i n e  
w h ic h  e l e m e n t  w a s  in e x c e s s .  In e ac h  c a s e ,  t h e  m o le  v a lu e  
d e t e r m i n e d  w a s  l e s s  t h a n  one mole,
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S t u d e n t  A: "We can  u s e  th e  2(A1):3(C1) m o le  r a t i o  
to  f ind  th e  one in excess ."
S tu d e n t  B: "It shou ld  be one e x t r a  m o le  of 
chlorine."
S t u d e n t  A: "If w e  don 't  have  a mole ,  w e  c an ' t  
have a m o le  l e f t  over."
S t u d e n t  B r e l a t e d  t h e  c o e f f i c i e n t s  t o  t h e  a c tu a l  q u a n t i t i e s  
g iven  in th e  p rob lem  and n o t  to  th e  m o le  r a t io .  A lso  t h i s  
s t u d e n t  i n f e r r e d  a 1:1 m o le  r a t i o ,  t h e r e f o r e  r e a s o n in g  t h a t  
t h e r e  w ou ld  be one m o le  of  c h lo r in e  in e x c e s s .  S im i la r ly ,  
A nam uah-M ensah  ( 1 9 8 6 )  found  t h a t  a l a rg e  n u m b er  of high 
schoo l  s t u d e n t s  in h i s  s t u d y  f a i l e d  to  u n d e r s t a n d  th e  m ean ing  
of t h e  c o e f f i c i e n t s  in b a la n c e d  c h e m ic a l  e q u a t io n s  and 
i n t e r p r e t e d  a ll  r e l a t i o n s h i p s  b e t w e e n  r e a c t a n t s  and p r o d u c t s  
a s  a 1:1 ra t io .
S u c c e s s f u l  p ro b lem  s o l v e r s  e x h ib i t e d  c o n f id e n c e  th ro u g h o u t  
th e  p r o b l e m - s o l v in g  p r o c e s s  a s  c o n t r a s t e d  by a lack  of 
c o n f id e n c e  f o r  u n s u c c e s s f u l  p rob lem  s o lv e r s .  S u c c e s s f u l  
p rob lem  s o l v e r s  v e r b a l i z e d  w i t h o u t  q u e s t io n in g  each  s t r a t e g y  
employed.  In c o n t r a s t ,  an u n s u c c e s s f u l  s t u d e n t  who  had he lped  
so lv e  a p rob lem  i n c o r r e c t l y  ended by sa y in g ,  "Probably  go t  i t  
wrong." In s t i l l  a n o th e r  group t h a t  w a s  u n s u c c e s s f u l ,  
c o n f id e n c e  w a s  th e  i s s u e  in th e  fo l lo w in g  ex ce rp t :
S t u d e n t  A: "I s t i l l  don ' t  th in k  t h a t ' s  r ight ."
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S tu d e n t  B: "Maybe I t ' s  Cl; m aybe  I t ’s  bo th  of  them."
S tu d e n t  A: "I don ' t  u n d e r s t a n d  th is .  It s e e m s  
l ike  t h e  p ro b lem  shou ld  be longer."
U n s u c c e s s f u l  p ro b lem  s o l v e r s  not  only w e r e  w e ak  in 
c h e m i s t r y  c o n t e n t  bu t  a l s o  e x h ib i t e d  a lack of b a s i c  
u n d e r s t a n d in g  in m a t h e m a t i c s .  For e x am p le ,  s t u d e n t s  
s u b t r a c t e d  u n l ike  q u a n t i t i e s  (e.g., m o le s  m in u s  g r a m s )  to  
d e t e r m i n e  t h e  e x c e s s  in t h e  p rob lem . In a p ro b lem  w h e r e  3 5  
g r a m s  of bo th  so d iu m  and c h lo r in e  w e r e  given, s t u d e n t s  w e r e  
a sk e d  to  d e t e r m i n e  w h ic h  one w ou ld  be In e x c e s s  a f t e r  th e  
r e a c t i o n  w a s  over.  S t u d e n t s  in one group d e t e r m i n e d  t h a t  
s i n c e  i t  to ok  3 5 .5  g r a m s  f o r  one m o le  of c h lo r in e  th ey  could 
s u b t r a c t  t h e  .5 n e eded  f o r  c h lo r in e  f ro m  t h e  sod ium  and t h e r e  
w ou ld  s t i l l  be s o m e  so d iu m  l e f t  over. A n o th e r  group found th e  
e x c e s s  by c o n v e r t in g  t h e  g r a m s  of sod ium  and c h lo r in e  to  
m o le s  and tl in  s u b t r a c t i n g  t h e  t w o  u n l ik e  q u a n t i t i e s .  In s t i l l  
a n o th e r  e x a m p le  invo lv ing  a s i m p l e  r a t i o  of 1:5, s t u d e n t s  cho se  
t o  m u l t i p ly  by t h e  d i f f e r e n c e  of four.
U n s u c c e s s f u l  p ro b lem  s o l v e r s  u se d  t r i a l - a n d - e r r o r  t r y in g  
t o  r e l a t e  p r e v io u s ly  w o r k e d  p r o b le m s  to  t h e  l i m i t i n g  r e a g e n t  
p rob lem . In m o s t  c a s e s ,  t h e y  w e r e  unab le  to  r e m e m b e r  a 
p r e v io u s ly  so lv e d  p ro b lem  t h a t  could  be u sed  a s  in th e  
fo l lo w in g  e x ce rp t :
S t u d e n t  A: "L e t 's  t r y  t o  do s o m e th i n g  w i t h  t h e  m o le  ra t io ."
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S tu d e n t  B: "I don ' t  u n d e r s t a n d  w h a t  to  do."
S tu d e n t  A: "Let 's  f ind  t h e  m a s s  of th e  product .
Maybe t h a t  w i l l  help."
Most u n s u c c e s s f u l  s t u d e n t s ,  r e g a r d l e s s  of th e  prob lem  and 
b e fo re  d e te r m i n i n g  w h a t  w a s  being a sk e d  fo r  in th e  prob lem , 
im m e d ia t e l y  c o n v e r t e d  m a s s  to  m oles .  They th e n  t r i e d  to  
d ec id e  how to  so lv e  t h e  p rob lem  by u s ing  a t r i a l - a n d - e r r o r  
s t r a t e g y .  In t w o  c a s e s ,  s t u d e n t s  a t t e m p t e d  to  so lv e  a 
m a s s - m a s s  p ro b lem  a s  an e m p i r i c a l  f o r m u la  d e te rm in a t io n .  
N urrenbern  ( 1 9 7 9 )  a l s o  found t h a t  s t u d e n t s  t r y in g  to  so lve  
l im i t i n g  r e a g e n t  p r o b le m s  e x h ib i t e d  t h e  s t r a t e g y  of fo rc in g  th e  
p rob lem  i n f o r m a t i o n  in to  s o m e  p r e v io u s ly  m e m o r iz e d  fo rm  or 
r e l a t i o n s h i p  d e s p i t e  i n a p p r o p r i a t e n e s s  of fo rm  o r  r e l a t io n sh ip .
A s u m m a r y  of t h e  o b s e rv e d  c h a r a c t e r i s t i c s  of s u c c e s s f u l  
and u n s u c c e s s f u l  p rob lem  s o l v e r s  can  be found in Tab le  14. 
T h ese  c h a r a c t e r i s t i c s  r e p r e s e n t  t h e  r e s e a r c h e r ’s  a n a l y s i s  a s  
w e l l  a s  t e a c h e r  c r i t i q u e s  (Appendix  L) and s t u d e n t s '  w r i t t e n  
w o rk  (A ppend ixes  N).
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T ab le  14
O bserved  C h a r a c t e r i s t i c s  of  S u c c e s s f u l  and U n su cc es s fu l  
P rob lem  S o lv e r s
S u c c e s s f u l
1. W ro te  a b a la n ce d  
c h e m ic a l  e q u a t io n
2. D e te rm in e d  a m ole  r a t i o  
f rom  th e  c o e f f i c i e n t s
3. U t i l i z e d  th e  p r e s c r i p t i v e  
m e th o d
a. S t a t e d  th e  given  
i n f o r m a t io n
b. Used p i c t u r e s  f o r  
p r e d i c t i o n s
c. Broke p ro b lem  in to  s t e p s
4. M a th e m a t i c a l  e r r o r s  w e r e  
due to  c a r e l e s s n e s s
U n su cc es s fu l
1. No b a la n ce d  c h e m ic a l  
e q u a t io n  used
2. Did no t  u se  th e  c o e f f i c i e n t s  
to  d e t e r m i n e  a m ole  r a t i o  or 
u sed  th em  a s  th e  a c tu a l  
m o le  q u a n t i t i e s  f o r  th e  
prob lem
3. Did no t  u se  t h e  p r e s c r i p t i v e  
m e th o d
4. C oncep tua l  m a t h e m a t i c a l  
e r r o r s
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T ab le  14 continued:
5. R e la te d  th e  p rob lem  to  
p re v io u s ly  so lv e d  p r o b le m s
6 . Labeled  q u a n t i t i e s  w i t h  
a p p r o p r i a t e  u n i t s
7. Exh ib i ted  c o n f id e n c e
8 . P e r s i s t e n t
5. Used t r i a l - a n d - e r r o r  
s t r a t e g y ,  s o m e t i m e s  fo rc in g  
d a ta  in to  s o m e  in a p p r o p r ia t e  
p rob lem  typ e
6 . Label ing  r a r e l y  o c c u r re d
7. Lack of c o n f id e n ce
8 . Gave up e a s i l y
Individual  p rob lem  solving.
Most s t u d e n t s  w ho  had been  p ro b lem  so lv in g  ind iv idua l ly  
f o r  s e v e n  w e e k s  c o n t in u e d  to  do so  w hen  p a i r e d  fo r  v id e o ta p in g  
(11 pa irs ) .  T h ese  s t u d e n t s  e i t h e r  w o rk e d  in d ep e n d en t ly  w i t h  
v e ry  l i t t l e  i n t e r a c t i o n  or  a s s u m e d  t h e  ro le  of l e c tu r e r ,  evoking 
f e w  o r  no c o m m e n t s  f ro m  t h e  o t h e r  s tu d e n t .  One s t u d e n t  
c o m p le t e ly  ignored  t h e  o t h e r  s t u d e n t  a s  he m e th o d ic a l ly  so lved  
t h e  p rob lem  s u c c e s s f u l l y .  The o t h e r  s t u d e n t  i n t e r r u p t e d  to  a sk  
if  h i s  e q u a t io n  w a s  ba lanced .  He c o r r e c t e d  h i s  m i s t a k e  
w i t h o u t  a ck n o w le d g in g  t h e  ocher  s t u d e n t ' s  a s s i s t a n c e .
In a ll  c a s e s  involv ing  t h e  p a i r in g  of  a p ro p o r t io n a l  r e a s o n e r  
(P) and a no n p ro p o r t io n a l  r e a s o n e r  (NP), t h e  P a s s u m e d  th e  
lead ing  r o l e  (n=5 pa i r s ) .  When a t r a n s i t i o n a l  r e a s o n e r  (T) and a 
NP or  P w e r e  p a i red ,  t h e  T b e c a m e  t h e  l e a d e r  (n=5 p a i r s ) .  In a
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p a r t i c u l a r  c a s e ,  t h e  T e x h ib i t e d  v e ry  good r e a s o n in g  and used  
an ana logy  in an a t t e m p t  t o  he lp  t h e  o t h e r  s t u d e n t  u n d e r s t a n d  a 
p rob lem  se e k in g  th e  e l e m e n t  t h a t  w o u ld  c o n ta in  t h e  l a r g e s t  
n um b er  of a t o m s  if  equal a m o u n t s  of t w o  d i f f e r e n t  e l e m e n t s  
w e r e  given. The r e a s o n in g  sk i l l  of  t h i s  s t u d e n t  i s  i l l u s t r a t e d  
by th e  f o l lo w in g  exce rp t :
T: "Oxygen w ou ld  have  m o re  a t o m s  th a n  ch lo r ine .
It w ou ld  be ab o u t  2  m o le s  in 3 0  g r a m s  of 
oxygen and a bou t  .9 m o le s  f o r  chlor ine ."
NP: "! th in k  i t ' s  t h e  op po s i te .  How did you g e t  .9?"
T: "If you m u l t ip ly  6 .0 2  x 10 ^ 3  py .9 a n d 
m u l t i p ly  2  by 6 .0 2  x 1023,  you w i l l  have 
m o re  oxygen a tom s."
NP: "Mow'd you g e t  t h a t  a ga in?"
T: "Suppose  w e  have  t w o  d i f f e r e n t  k inds  of 
m a r b l e s ,  lead  and g l a s s ,  and w e  w a n t  6 0 2  
m a rb le s .  It w i l l  t a k e  d i f f e r e n t  w e i g h t s  to  
g e t  t h a t  n u m b er  of  m a rb le s .  T h is  one w ou ld  
w e ig h  l e s s  and t h i s  one w o u ld  w e ig h  m o re  
(p o in t in g  to  t h e  g l a s s  and lead  r e s p e c t iv e ly ) .
(He p a u se d  and r e p e a t e d  again .)  I t ' s  oxygen 
t h a t  h a s  m o re  a tom s."
NP: "How can  w e  g e t  t h a t  a g a i n ?  Does one m o le  
equal  one a to m ? "
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T: "No! If w e  pu t  one m o le  of oxygen in a j a r ,  
t h a t ' s  16 g r a m s  equal  to  6 .0 2  x 1023 and 
35 .5  g of  c h lo r in e  in a j a r ,  t h a t ' s  equal  to  
one m ole  and 6 .02  x 1 0^3  a toms."
NP: "Is t h a t  one a to m ? "
T: "No, c h lo r in e  i s  m o re  dense ,  but  oxygen h as  
m o re  a tom s."
T h is  d ia log  con t in u ed ,  b u t  to  no avai l .  The NP did no t  e x h ib i t  
an u n d e r s t a n d in g  of m o le  and even w h e n  he a g re e d  w i t h  th e  T 
a t  t h e  end of t h e  ex p la n a t io n .  The v i e w e r  i n f e r r e d  t h a t  t h e  
s t u d e n t  r e a l ly  did n o t  u n d e r s t a n d  why oxygen had m o r e  a to m s .  
The T e x h ib i t e d  a sound  c o n c e p tu a l  background  w i t h  t h e  a b i l i ty  
to  r e l a t e  a b s t r a c t  c o n c e p t s  to  c o n c r e t e  e x p e r i e n c e s  su c h  a s  
w i t h  th e  m a r b l e s  and j a r s .  His p a t i e n c e  w i t h  t h e  NP s e e m e d  
en d le ss .
In t h e  only c a s e  w h e r e  t w o  T 's  w e r e  p a i red ,  t h e s e  s t u d e n t s  
v ied  f o r  t h e  lead  and v e ry  l i t t l e  w a s  a cc o m p l i sh e d .  In f a c t ,  
t h e i r  p r o b l e m - s o l v in g  t i m e  w a s  s p e n t  d e t e r m i n i n g  w h e t h e r  an 
e l e m e n t  w a s  d i a t o m ic  in n a t u r e  and d i s t i n g u i s h in g  b e tw e e n  
s u p e r s c r i p t s  and s u b s c r i p t s  r a t h e r  th a n  a t t e m p t i n g  to  so lv e  
th e  l im i t i n g  r e a g e n t  problem.
Most s t u d e n t s  who  had been  so lv in g  p r o b le m s  ind iv id u a l ly  
w e r e  n o t  a s  p e r s i s t e n t  a s  s t u d e n t s  who  had been  so lv in g  
p r o b le m s  in g ro up s  a s  r e p o r t e d  by one of th e  t e a c h e r s .  They
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e x h ib i t e d  a n x ie ty  and f r u s t r a t i o n  t e n d in g  t o  s e e k  he lp  m o r e  
o f t e n  f ro m  th e  t e a c h e r  w i t h o u t  c o n t in u in g  to  w o rk  on t h e i r  
own. O f ten  t h e s e  s t u d e n t s  w e r e  o b se rv e d  in n o n p ro b le m ­
so lv ing  a c t i v i t i e s  w h i l e  w a i t i n g  fo r  a s s i s t a n c e  f ro m  t h e  
t e a ch e r .
Group p ro b lem  solving.
Most s t u d e n t s  who had been  w o rk in g  in g ro up s  i n t e r a c t e d  
w el l .  T h ree  ou t  of f iv e  of th e  s u c c e s s f u l  g rou p s  e x h ib i t e d  
c o o p e r a t i v e  behavior .  In t h e s e  g roups ,  s t u d e n t s  a s s u m e d  
r e s p o n s i b i l i t y  f o r  o t h e r  s t u d e n t s '  lea rn ing .  T h is  phenom enom  
w a s  i l l u s t r a t e d  a s  a P t r i e d  to  inc lude  a shy NP by a sk in g  h e r  
q u e s t i o n s  and e x p la in in g  to  a n o th e r  NP group m e m b e r  th e  
c o n c e p t  of s c i e n t i f i c  n o ta t io n .  I n i t i a l l y  one NP o b s e rv e d  a s  th e  
o t h e r  group m e m b e r s  w o rk e d  th ro ug h  th e  problem.
P: "You u n d e rs t a n d ? "
NP 1: "How do you know to  u se  A vogadro 's  num ber?"
A f t e r  a b r i e f  e x p la n a t io n  of A vogadro 's  
num ber ,  t h e  P r e s u m e d  th e  t a s k  of f ind ing  
w h ic h  e l e m e n t  w a s  in e x c e s s  w i t h  th e  o t h e r  
s t u d e n t s  looking on and o f f e r i n g  s o m e  
a s s i s t a n c e .  He f i n a l ly  a sk e d  in h i s  t e a c h e r  role:
P: "Which one had m o re? "
N P 1: "Oxygen"
P: "Great!"
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A no the r  NP r e t u r n e d  to  th e  to p ic  of Avogadro 's  number.
NP2: "Which i s  b igger,  1 0 2 3  or 1024?"
The P expanded th e  n u m b e rs  on th e  pa p e r  and 
th e n  a sk e d  h e r  t o  i n d i c a t e  w h ic h  w a s  l a r g e r  and 
sh e  r e s p o n d e d  c o r r e c t l y .  The P s m i l e d  and 
added f u r t h e r  in fo rm a t io n .
P: "If i t  w e r e  m o re  n e g a t iv e ,  t h e n  th e  o p p o s i t e  
w ould  be true."
As i l l u s t r a t e d  in t h e  p re c e d in g  e x c e rp t ,  t h e  P a c c e p t e d  
r e s p o n s i b i l i t y  f o r  th e  g ro u p 's  lea rn in g  and p rov ided  p o s i t i v e  
e n c o u r a g e m e n t  th rough  f a c i a l  and v e rb a l  e x p re s s io n s .
I n t e r a c t i o n  among group m e m b e r s  w a s  c h a r a c t e r i z e d  by 
s t u d e n t s  us ing  q u e s t i o n s  to  involve  o t h e r  group m e m b e r s  and 
to  check  s t r a t e g i e s  a s  i l l u s t r a t e d  by th e  fo l lo w in g  exce rp t :
NP: "Aren ' t  w e  su p p o s e d  to  look a t  th e  amu to  f ind  i t?"
P: "Don't w e  have  to  u s e  th e  f a c t o r - l a b e l  m e th o d ?"
T: "We need  t o  u s e  A vogadro 's  n u m b e r  b e c a u s e  you 
a re  looking f o r  a t o m s . "
NP: "Wouldn’t  c h lo r in e  have  m o re  a t o m s  ( th a n  
oxygen) b e c a u s e  i t ’s  h e a v ie r ,  am u m ore?"
The NP lacked  c o n f id e n c e  a s  e v id e n ce d  by t h e  u se  of q u e s t io n s  
to  check  each  s t e p  of th e  problem.
In many g ro up s  i t  w a s  d i f f i c u l t  to  i d e n t i f y  a l e a d e r  in t h a t  
t h ey  all  s h a r e d  th e  r e s p o n s i b i l i t y  of p ro b lem  so lv in g  equally .
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In one of t h e  s u c c e s s f u l  c o o p e r a t i v e  g roups ,  a NP took  th e  
In i t i a l  lead  out  soon i t  b e c a m e  v e ry  d i f f i c u l t  to  d i s t i n g u i s h  a 
l e a d e r  in th e  group. T h e s e  s t u d e n t s  each  w o rk e d  independ en t ly  
bu t  c o m p a red  and c h ecked  e ac h  o t h e r ' s  w o rk  th ro u g h o u t  th e  
p ro ce ss .  They w e r e  v e ry  w e l l - o r g a n i z e d ,  w o rk in g  in s t e p s  and 
lab e l in g  all  t h e i r  work. Each s t u d e n t  s e e m e d  to  have s p e c i f i c  
a s s i g n e d  t a s k s  su c h  a s  in pu t in g  th e  i n i t i a l  d a t a  in to  th e  
c a l c u l a t o r ,  c heck ing  t h e  r e s u l t ,  and r e t r i e v i n g  a to m i c  m a s s e s  
f ro m  th e  p e r io d ic  tab le .  They w e r e  a l s o  c h a r a c t e r i z e d  by 
p e r s i s t e n c e  and co nf idence .
P e r s i s t e n c e  w a s  c h a r a c t e r i s t i c  of m o s t  g roups  ev idenced  
m o re  o f t e n  w i t h  th e  u s e  o f  p r e d i c t i o n  a s  p a r t  of  th e  
p r e s c r i p t i v e  m ethod.  If a group  a r r i v e d  a t  a m a t h e m a t i c a l  
s o lu t io n  t h a t  did not  a g r e e  w i t h  t h e i r  p re d i c t io n ,  th e  s t u d e n t s  
would  w ork  d i l i g e n t ly  to  e x p o se  t h e  incongruency.  During t h i s  
p r o c e s s  group i n t e r a c t i o n  w a s  a t  i t s  peak.
Two s u c c e s s f u l  g ro u ps  w e r e  not  c h a r a c t e r i z e d  by 
c o o p e r a t i v e  i n t e r a c t i o n  w h i l e  be ing  v ideo taped .  The T in one 
group r e a d  t h e  p ro b lem  and i m m e d ia t e l y  r e s p o n d e d  w i t h  a 
c o r r e c t  a n s w e r  b e f o r e  t h e  o t h e r  t w o  NP's had an o p p o r tu n i ty  to  
c o n t r i b u t e  to  t h e  p ro c e s s .  In th e  o t h e r  group, th e  P w o rk e d  
th ro u g h  t h e  p rob lem  w i t h o u t  h e s i t a t i o n  w h i l e  t h e  o t h e r  group 
m e m b e r s ,  P and NP, looked on and t r i e d  t o  keep  up. T h e re  w a s  
no i n t e r a c t i o n  among group  m e m b e rs .  The P s t u d e n t  w ho
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w o rk e d  th e  p rob lem  ind ep en den t  of th e  o t h e r  group m e m b e r s  
had c o m m e n te d  on h i s  a t t i t u d e  su rv e y  t h a t  he p r e f e r r e d  
w o rk in g  a lone, but  w a s  ab le  to  he lp  o t h e r  m e m b e r s  in h is  
group.
Weak co nce p tu a l  b ack g ro un d s  w e r e  p r e d o m in a n t  in th e  
u n s u c c e s s f u l  groups.  T h ese  g roups  did not  know w h e r e  to  
begin  and even f a i l e d  to  w r i t e  c h e m ic a l  e q u a t io n s  w h e r e  
needed. F u r th e rm o re ,  m o s t  s t u d e n t s  did not  o rg a n iz e  t h e i r  
p ro b le m s  and t r i e d  to  f ind  an a n s w e r  th rough  t r i a l  and e r r o r  
w i t h o u t  n e c e s s a r y  i n t e r m e d i a t e  s t e p s .  Rare ly  did any group 
t r y  to  u se  th e  p r e s c r i p t i v e  m e th o d  to  he lp  th e m  u n d e r s t a n d  th e  
p ro b lem  in a q u a l i t a t i v e  way.  The usua l  beg inn ing  w a s  w i t h  
th e  qu es t io n ,  "Don't w e  need  am u 's  f i r s t ? "  or  "Don't w e  need  to  
u se  t h e  f a c t o r - l a b e l  m e th o d ?"  T h e s e  s t u d e n t s  w e r e  looking 
fo r  so m e  ty p e  of a lg o r i th m  to  f ind  an im m e d ia t e  a n s w e r  r a t h e r  
th an  q u a l i t a t i v e l y  th in k in g  th rough  th e  problem.
Tab le  15 s u m m a r i z e s  t h e  o b se rv e d  c h a r a c t e r i s t i c s  f ro m  th e  
v i d e o t a p e s  and c l a s s r o o m  o b s e r v a t i o n s  of s t u d e n t s  who  so lv e d  
p r o b le m s  ind iv idua l ly  o r  in groups. S u c c e s s f u l  g roups  
e x h ib i t e d  m o re  of t h e s e  c h a r a c t e r i s t i c s  th an  u n s u c c e s s f u l  
g ro u ps  e s p e c i a l l y  in o r g a n i z a t i o n  and t h e  u s e  of q u e s t i o n s  to  
check  t h e i r  work.
T ab le  15
O bserved  C h a r a c t e r i s t i c s  of Individual  and Grouped Prob lem
S o lv e r s
Ind iv idua l*
1. Very l i t t l e  I n t e r a c t i o n  
w hen  p a i r e d
2. L eader  s u r f a c e d  
Im m e d ia te ly
3. P o r  T a s s u m e d  
l e c t u r e r  ro le
4. Gave up e a s i l y  and 
so u gh t  he lp  m o re  o f t e n
5. O rg a n iz a t io n  lack ing
Grouped
1. I n t e r a c t e d  w e l l
2. D i f f i c u l t  to  i d e n t i f y  a 
l e a d e r
3. Q u e s t io n s  u se d  to  involve 
group m e m b e r s  and check ing  
f o r  c o n c u r r e n c e
4. P e r s i s t e n t
5. W e l l - o r g a n iz e d  w i t h  a 
d iv i s io n  of t a s k s  f o r  group 
m e m b e r s
6 . A s su m e d  r e s p o n s i b i l i t y  f o r  
e a c h  o t h e r ' s  l e a rn in g
* S t u d e n t s  who so lv e d  p r o b l e m s  in d iv id u a l ly  w e r e  p a i r e d  fo r  
th e  v ideo tap ing .
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T e a c h e r  e v a lu a t io n s .
T e a c h e r s  p a r t i c i p a t i n g  in th e  s tu d y  w e r e  a sk e d  to  e v a lu a t e  
th e  v i d e o t a p e s  of t h e i r  s t u d e n t s  a s  w e l l  a s  th e  s tu d y  a s  a 
w h o le  (Appendix  L). Only one of t h e  t e a c h e r s  s p e c i f i c a l l y  
m e n t i o n s  th e  v id e o ta p e  a n a ly s i s .
T e a c h e r s  i n d i c a t e d  t h a t  m o s t  of t h e i r  s t u d e n t s  w e r e  
c o n d i t io n e d  to  m e m o r i z e  f o rm u la s .  They found t h a t  th e  
p r e s c r i p t i v e  m e th o d  e n c o u ra g e d  s t u d e n t s  to  r e a s o n  and an a ly ze  
t h e  s t o i c h i o m e t r i c  p r o b le m s  w h ic h  r e s u l t e d  in im proved  
c o n c e p tu a l  u n d e rs ta n d in g .  Even though  th e  p r e s c r i p t i v e  
p r o c e s s  w a s  t i m e  c o n su m in g  f o r  t h e  s t u d e n t  a s  w e l l  a s  the  
t e a c h e r ,  one t e a c h e r  i n d i c a t e d  t h a t  i t  en ab led  h e r  to  ga in  a 
b e t t e r  u n d e r s t a n d in g  of t h e  s t u d e n t s '  g r a s p  of t h e  c h e m i s t r y  
c o n te n t  and p r o b l e m - s o l v i n g  s k i l l s .  A no th e r  t e a c h e r  r e p o r t e d  
t h a t  a l m o s t  all  of  h e r  s t u d e n t s  in t h e  honors  c l a s s e s  lea rn ed  
how to  so lv e  t h e  p r o b le m s  u s ing  t h i s  m ethod.  More n e g a t iv e  
c o m m e n t s  r e g a r d in g  t h e  p r e s c r i p t i v e  m e th o d  w e r e  r e p o r t e d  by 
s t u d e n t s  who  so lv e d  p r o b l e m s  in d iv id u a l ly  in hono rs  c l a s s e s .  
P re d o m in a n t ly ,  t h e s e  s t u d e n t s  w e r e  p ro p o r t io n a l  r e a s o n e r s .  
They c o m p la in e d  a b o u t  i t  be ing  t i m e  c o n su m in g  and even  s t a t e d  
t h a t  i t  w a s  "stupid."
P i c t u r e  d e s c r i p t i o n s  and p r e d i c t i o n s  w e r e  c i t e d  a s  th e  m o s t  
d i f f i c u l t  p a r t s  of  t h e  p r e s c r i p t i v e  m ethod .  T h is  w a s  
p a r t i c u l a r l y  t r u e  if m o r e  th a n  one p r o c e s s  w a s  involved  in th e
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p ro b lem  s u c h  a s  in m a s s - m a s s  p ro b lem s .  One t e a c h e r  did 
i n d i c a t e  t h a t  w hen  p r e d i c t e d  a n s w e r s  and m a t h e m a t i c a l  
s o l u t i o n s  did not  a g re e ,  i n t e r a c t i o n  of th e  group m e m b e r s  
i n c r e a s e d  a s  th ey  s h a r e d  t h e i r  e x p e r t i s e  in o rd e r  t o  d e t e r m i n e  
t h e  r e a s o n  f o r  th e  in c o n s i s t e n c y .  A lso  a n o th e r  t e a c h e r  
r e p o r t e d  t h a t  s o m e  s t u d e n t s  b e c a m e  so  p r o f i c i e n t  w i t h  
p r e d i c t i o n  t h a t  th e y  w e r e  a b le  to  d e t e r m i n e  th e  c o r r e c t  
a n s w e r  w i t h o u t  s e e k in g  a m a t h e m a t i c a l  so lu t ion .
When a n a ly z in g  ind iv idua l  s t u d e n t s  p a i r e d  f o r  v id e o ta p in g  
w i t h  s t u d e n t s  w ho  had been  w o rk in g  in groups,  one of t h e  
t e a c h e r s  e x p r e s s e d  m o r e  p o s i t i v e  o u tc o m e s  fo r  groups.  She 
found s t u d e n t s  w ho  had been  so lv in g  p r o b le m s  on an ind iv idua l  
b a s i s  e x h ib i t in g  m o re  a n x ie ty  and f r u s t r a t i o n ,  no t  I n t e r a c t i n g  
w e l l  w i t h  e ac h  o th e r ,  and one  s t u d e n t  e n t i r e l y  d e p en d e n t  upon 
t h e  o t h e r  or s e e k in g  o u t s i d e  help  f ro m  t h e  t e a c h e r .  F re q u e n t ly  
t h e s e  s t u d e n t s  w e r e  n o t  a b le  to  d e t e r m i n e  th e  m o s t  
a p p r o p r i a t e  m e th o d  t o  s o lv e  t h e  p rob lem  and w e r e  no t  s t e p  
o r i e n t a t e d .  Groups on t h e  o t h e r  hand w e r e  m o re  c o n f id e n t ,  
m o r e  p e r s i s t e n t ,  and m o r e  e f f i c i e n t  p ro b lem  so lv e r s .  T h ese  
s t u d e n t s  e x h ib i t e d  e n j o y m e n t  and e n t h u s i a s m  a s  th ey  
i n t e r a c t e d  w i t h  e ac h  o the r .
Overa l l  t e a c h e r s  i n d i c a t e d  t h a t  t h e  t i m e  a l l o t t e d  f o r  t h e  
s tu d y  w a s  to o  s h o r t  t o  e x p e c t  m a j o r  c h a n g e s  in p e r fo rm a n c e .  
They i n d i c a t e d  th e y  w o u ld  c o n t in u e  to  u se  t h e s e  s t r a t e g i e s
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e x p r e s s in g  c o n f id e n c e  in t h e i r  s u c c e s s .  One t e a c h e r  r e p o r t e d  
t h a t  "a c o m b in a t io n  of p r e s c r i p t i o n  p ro ce d u re  f o r  so lv ing  
p r o b le m s  and of g roups  w i t h  one a n a ly t i c a l  t h in k e r  in each  w a s  
v e ry  s u c c e s s f u l . "
Summary.
A n a ly s i s  of th e  p o s t t e s t  m e a n s  b e tw e e n  s t u d e n t s  of 
d i f f e r i n g  p ro p o r t io n a l  r e a s o n in g  a b i l i t i e s  so lv ing  
s t o i c h i o m e t r i c  p r o b le m s  ind iv idua l ly  or  in g roups  r e s u l t e d  in a 
n o n s i g n i f i c a n t  s t a t i s t i c a l  d i f f e r e n c e  (p<,05). A s i m i l a r  
n o n s i g n i f i c a n t  s t a t i s t i c a l  d i f f e r e n c e  o c c u r re d  b e tw e e n  p o s t ­
a t t i t u d e  m ea n s ,  h o w e v e r  t h e r e  w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t  
i n t e r a c t i o n s  of ty p e  ( r e g u l a r  and honors )  by p ro p o r t io n a l  
r e a s o n in g  and ty p e  by t r e a t m e n t  ( ind iv idua l  and group) f o r  th e  
f e a r / a n x i e t y  s u b s c a l e  of t h e  a t t i t u d e  m e a s u r e  de r iv e d  f rom  
f a c t o r  a n a l y s i s  (p<.05). The g r e a t e s t  f e a r / a n x i e t y  o c c u r r e d  f o r  
t r a n s i t i o n a l  s t u d e n t s  in h o n o rs  c l a s s e s .  S t u d e n t s  in r e g u la r  
c l a s s e s  so lv ing  p r o b le m s  ind iv idua l ly  e x p e r i e n c e d  m o re  
f e a r / a n x i e t y  th an  t h o s e  in groups,  w h i l e  t h e  o p p o s i t e  o c c u r re d  
in ho n o rs  c l a s s e s .
D i f f e r e n c e s  b e t w e e n  t h e  c h a r a c t e r i s t i c s  of s u c c e s s f u l  and 
u n s u c c e s s f u l  p ro b lem  s o l v e r s  w ork in g  ind iv idua l ly  and In 
c o o p e r a t i v e  g ro u p s  w e r e  ev id e n ce d  in v id e o ta p e  a n a ly s e s ,  
c l a s s r o o m  o b s e r v a t i o n s ,  and  s t u d e n t s '  w r i t t e n  work. T e a c h e r  
c r i t i q u e s  w e r e  a l s o  used.  Overa l l  s u c c e s s f u l  p rob lem  s o l v e r s
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w e r e  w e l l - o r g a n i z e d  u t i l i z i n g  th e  p r e s c r i p t i v e  m e th o d  and 
e x h ib i t e d  an u n d e r s t a n d in g  of  th e  m o le  concep t .  Most 
s u c c e s s f u l  p rob lem  s o l v e r s  w e r e  p ro p o r t io n a l  r e a s o n e r s  or 
w e r e  m e m b e r s  of g ro up s  c o n ta in in g  p ro p o r t io n a l  r e a s o n e r s .  
Most  g rouped  s t u d e n t s  i n t e r a c t e d  w e l l  s h a r in g  t h e i r  i d e a s  and 
a s s u m in g  r e s p o n s i b i l i t y  f o r  each  o t h e r ' s  learn ing .  F inally ,  
t e a c h e r s  e v a l u a t e d  t h e  p r e s c r i p t i v e  m e th o d  a s  w e l l  a s  t h e  
c o o p e r a t i v e  grouping  s t r a t e g y  a s  e f f e c t i v e  m e a n s  f o r  t e a c h in g  
s t o i c h i o m e t r i c  p rob lem  solving.
CHAPTER V
DISCUSSION, LIMITATIONS, and IMPLICATIONS 
The p r im a r y  p u rp o se  of t h i s  s tu d y  w a s  to  d e t e r m i n e  the  
e f f e c t  t h a t  c o o p e r a t iv e  g roups  h e te r o g e n e o u s ly  b a se d  on 
p ro p o r t io n a l  r e a so n in g  have  on s t o i c h i o m e t r i c  p rob lem  so lv ing  
in high school  c h e m is t r y .  D i s c u s s io n  of th e  r e s u l t s ,  
l im i t a t i o n s ,  and i m p l i c a t i o n s  of t h i s  s t u d y  a r e  p r e s e n t e d  in 
t h i s  chap te r .
D i s c u s s io n
The r e s u l t s  of the  s t a t i s t i c a l  a n a l y s i s  i n d ic a t e  t h a t  
s t u d e n t s  e x p e r i e n c e d  s i m i l a r  s u c c e s s  on th e  p o s t t e s t  
r e g a r d l e s s  of w h e t h e r  th e y  w e r e  in a  r e g u l a r  o r  h o n o rs  c l a s s  or 
w h e t h e r  they  so lv e d  p r o b le m s  in d iv id ua l ly  o r  in groups.  
S t u d e n t s  of v a ry in g  p ro p o r t io n a l  r e a s o n in g  a b i l i t y  a l s o  
e x p e r i e n c e d  s i m i l a r  s u c c e s s  on th e  c h e m i s t r y  p o s t t e s t .
The P r e s c r i p t i v e  Method 
The comm on d e n o m in a to r  u t i l i z e d  in t h i s  s tu d y  w a s  th e  
p r e s c r i p t i v e  p r o b l e m - s o l v in g  m ethod .  Every s t u d e n t  w a s  
i n t ro d u c e d  to  t h e  m e th o d  th ro u g h  t h e  m o de l in g  of s p e c i f i c  
e x a m p le s  of each  ty p e  of s t o i c h i o m e t r i c  p ro b lem  i d e n t i f i e d  in 
t h i s  s tu d y  (Appendix  N). S t u d e n t s  w e r e  r e q u e s t e d  t o  u s e  t h i s  
m e th o d  e ac h  t i m e  th ey  so lv e d  p r o b l e m s  inc lud ing  on t e s t s .  The 
num ber  of p r o b le m s  a s s i g n e d  w a s  d e c r e a s e d  to  c o m p e n s a t e  f o r  
t h i s  t i m e - c o n s u m i n g  p r o c e s s .  T h is  p r o c e d u r e  w a s  d e s ig n e d  to
9 2
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e n co u rag e  s t u d e n t s  to  a p p ro a ch  th e  p r o b le m s  q u a l i t a t i v e l y  and 
in an o rg an iz ed  fash ion .  It  p rov ided  a s t r a t e g y  f o r  s t u d e n t s  
p rob lem  so lv ing  a lone  or  in g roups  in l ieu  of t h e  t r a d i t i o n a l  
model  in w h ic h  t h e  t e a c h e r  d e m o n s t r a t e d  how to  so lv e  e x am ple  
p ro b le m s  fo l lo w e d  by a s s i g n m e n t  of s i m i l a r  p r o b le m s  fo r  
p r a c t i c e .  T e a c h e r s  w e r e  a b le  to  spend  m o re  t i m e  a s s i s t i n g  
s t u d e n t s  in d iv id u a l ly  a s  w e l l  a s  e v a l u a t i n g  t h e i r  p r o g r e s s  
r a t h e r  th an  spend in g  m o s t  of t h e i r  t i m e  in f r o n t  of th e  c la s s .
The r e s u l t s  of t h i s  s tu d y  s u g g e s t  t h a t  th e  p r e s c r i p t i v e  
m e th o d  may have  en ab led  s t u d e n t s  t o  e x p e r i e n c e  s i m i l a r  
s u c c e s s  r e g a r d l e s s  of t h e  s e t t i n g ,  Evidence  f ro m  t h e  v id e o ta p e  
a n a l y s i s  i n d ic a t e d  t h e  p r e s c r i p t i v e  m e th o d  w a s  th e  
p r e d o m in a t e  s t r a t e g y  u s e d  by s u c c e s s f u l  p ro b lem  so lv e r s .  
T h ese  s t u d e n t s  o rg a n iz e d  t h e i r  p ro b lem  in to  s t e p s  a c c o rd in g  to  
th e  ind iv idua l  c o m p o n e n t s  of th e  p r e s c r i p t i v e  m ethod .  They 
d rew  p i c t u r e s  to  a s s i s t  in m ak ing  p r e d i c t i o n s  w i t h  so m e  
s t u d e n t s  t a k in g  m e a s u r e s  to  e n s u r e  a c c u r a c y  by d ra w in g  t h e i r  
p i c t u r e s  t o  sc a le .  S t u d e n t s  s e e m e d  to  c o n s i d e r  t h e i r  
p r e d i c t i o n  a s  a p e r s o n a l  r e f l e c t i o n  of t h e i r  a b i l i ty ,  r e s u l t i n g  in 
a c o m m i tm e n t  t o  check  i t  w i t h  t h e i r  m a t h e m a t i c a l  so lu t ion .  
T h is  i n f e r e n c e  i s  c o n s i s t e n t  w i t h  t h e  w o rk  r e p o r t e d  by Good 
(1 98 7 ) .  When c o n g ruency  did  no t  occur ,  t h e s e  s t u d e n t s  w ork e d  
d i l i g e n t l y  to  un c o v e r  t h e  s o u r c e  of th e  i n c o n s i s t e n c y .  T h is  
phenomenon r e s u l t e d  in a r e th in k in g  of  t h e  p r o b l e m - s o l v in g
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p r o c e s s  w h ic h  shou ld  e v e n tu a l ly  r e s u l t  in b e t t e r  p rob lem  
s o l v e r s  a s  s u p p o r t e d  by Polya  (1945) ,
One of t h r e e  t e a c h e r s  in t h i s  s t u d y  r e in f o r c e d  th e  m e r i t  of 
t h e  p r e s c r i p t i v e  m e th o d  c o m m e n t in g  t h a t  " requ i r ing  s t u d e n t s  
to  s k e t c h  w h a t  i s  g iven  in a p rob lem  and deve lop  a s o lu t io n  
e n c o u r a g e s  th em  to  r e a s o n  and analyze ."  Even though  she  found 
g rad ing  p r o b le m s  u t i l i z i n g  t h i s  m e th o d  ve ry  t i m e  consum ing ,  
sh e  f e l t  t h a t  i t  w a s  an e x c e l l e n t  i n d i c a t o r  of s t u d e n t s '  
u n d e r s t a n d in g  of th e  c o n c e p t s  involved. She s u g g e s t e d  t h a t  th e  
p r e s c r i p t i v e  m e th o d  be  u t i l i z e d  a t  an e a r l i e r  age  b e f o r e  t h e  
s t u d e n t s  a r e  "con d i t io n ed  to  m e m o r iz e  f o r m u la s  and s t e p s  to  
s o l u t i o n s  w i t h o u t  unde rs tan d ing ."
The v a lu e  of t h e  p r e s c r i p t i v e  m e th o d  w a s  a s s e s s e d  by 
s t u d e n t s  on th e  a t t i t u d e  s u r v e y s  th rou g h  t h e i r  w r i t t e n  
c o m m e n ts .  N o n -p ro p o r t io n a l  r e a s o n e r s  in d ic a t e d  t h a t  th e  
p r e s c r i p t i v e  m e th o d  m ad e  p ro b lem  so lv in g  e a s i e r ,  c i t i n g  t h a t  
i t  m ad e  th e m  th ink ,  w h i l e  m any  p ro p o r t io n a l  r e a s o n e r s  
in d ic a t e d  t h a t  m any  of  t h e  s t e p s  w e r e  u n n e c e s s a r y  and "a 
w a s t e  of  t ime."  Bunce and Heikkinen  ( 1 9 8 6 )  found s i m i l a r  
r e s u l t s  w i t h  s t u d e n t s  c l a s s i f i e d  a s  p o s s e s s i n g  log ica l  
m a t h e m a t i c a l  r e a s o n in g  c h o o s in g  n o t  to  u se  t h e i r  t i m e -  
c o n su m in g  p r o b l e m - s o l v in g  app ro a ch  to  th e  s a m e  e x t e n t  a s  
s t u d e n t s  w i t h  l o w e r  r e a s o n in g  s k i l l s .  The s t u d e n t s  in t h i s  
s t u d y  w ho  needed  t h e  p r e s c r i p t i v e  m e th o d  and u n d e rs to o d  i t
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w e r e  a l s o  th e  s t u d e n t s  w ho  used  i t  and b e n e f i t e d  f ro m  i t s  use. 
U n f o r tu n a t e ly  m any  s t u d e n t s  w e r e  unab le  to  u se  t h e  m e th o d  
due to  t h e i r  w e ak  c o n c e p tu a l  background  (e.g., i n a b i l i t y  to  
w r i t e  a c h e m ic a l  equa t ion) .  On t h e  o t h e r  hand, s t u d e n t s  who 
w e r e  a b le  t o  d e t e r m i n e  how to  so lv e  th e  p rob lem  w i t h  v e ry  
l i t t l e  or  no d i f f i c u l t y  f e l t  t h ey  had no need to  q u a l i t a t i v e l y  
d e s c r i b e  th e  problem. For t h e  l a t t e r  s t u d e n t s ,  t h e  a s s i g n e d  
p r o b le m s  w e r e  r e a l l y  only  e x e r c i s e s .  One p ro p o r t io n a l  
r e a s o n e r  s u m m a r i z e d  t h e  m e r i t  of  th e  p r e s c r i p t i v e  m e th o d  
w h e n  he s u g g e s t e d  t h a t  i t  w a s  he lp fu l  w hen  w o rk in g  new 
p ro b le m s ;  h o w e v e r  w h en  he had le a rn e d  how to  so lv e  t h e  
p r o b l e m s  th e  m e th o d  b e c a m e  u n n e c e s sa ry .
S t o i c h i o m e t r i c  p ro b lem  so lv in g  p roved  to  be d i f f i c u l t  f o r  
m o s t  s t u d e n t s  in t h i s  s t u d y  r e g a r d l e s s  of p ro p o r t io n a l  
r e a s o n in g  a b i l i t y  o r  s e t t i n g  a s  e v id en ced  by a m ea n  s c o r e  fo r  
t h e  p o s t t e s t  of 4 .5  o u t  of a  p o s s ib l e  s c o r e  of 10 and s t u d e n t  
c o m m e n t s  c i t i n g  a h igh  leve l  of d i f f i c u l ty .  G reenbow e  ( 1 9 8 3 )  
and N urrenb ern  ( 1 9 7 9 )  r e p o r t e d  s i m i l a r  f ind ings .  For m o s t  
s t u d e n t s  who  w e r e  s u c c e s s f u l ,  t h e  p r e s c r i p t i v e  m e th o d  
p ro v id ed  a s t r a t e g y  t o  l ink  w h a t  th ey  knew and w h a t  t h e y  w e r e  
be ing  a s k e d  to  f ind.  For m any  s t u d e n t s  e x t r a c t i n g  t h e  g iven  
d a ta ,  i d e n t i f y i n g  t h e  unknown,  w r i t i n g  a b a la n c e d  e q u a t io n ,  and 
s k e t c h i n g  a p i c t u r e  of t h e  m o le  q u a n t i t y  in q u e s t io n  e n ab led  
t h e m  t o  v i s u a l i z e  t h e  p ro b lem ,  r e t h i n k  i t  w i t h o u t  t h e
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e x t r a n e o u s  w o rd s ,  and t h u s  m ake  a p l a u s ib l e  p red ic t ion . -  In 
so m e  c a s e s ,  th e  p r e d i c t i o n  and m a t h e m a t i c a l  s o lu t io n  w e r e  
id en t ica l .
The e x p e r t - n o v ic e  p r o b l e m - s o l v in g  r e s e a r c h  of th e  p a s t  
d e cade  h as  i d e n t i f i e d  m any c h a r a c t e r i s t i c s  of s u c c e s s f u l  
p ro b lem  so lv e r s .  S in c e  i t  i s  h igh ly  im p ro b a b le  t h a t  n o v ice s  
can be qu ick ly  t a u g h t  to  b e co m e  e x p e r t s  ( e x p e r t s  a c q u i r e  t h e i r  
k n ow led ge  and deve lop  p r o b l e m - s o l v in g  s t r a t e g i e s  th rough  
many y e a r s  of e x p e r ie n c e ) ,  th e  c h a l le n g e  l i e s  in id en t i fy in g  
e f f e c t i v e  p r o b le m - s o lv in g  p r o c e s s e s  to  t e a c h  th e  novice. The 
u se  of th e  p r e s c r i p t i v e  m e th o d  in t h i s  s tu d y  enab led  s t u d e n t s  
to  in c o r p o r a te  p r o b l e m - s o l v in g  s t r a t e g i e s  u t i l i z e d  by 
s u c c e s s f u l  p rob lem  s o l v e r s  t h u s  id en t i fy in g  i t  a s  an e f f e c t i v e  
tool  fo r  s t o i c h i o m e t r i c  p r o b le m -so lv in g .
C o o p e ra t iv e  Grouping S t r a t e g y
R e s u l t s  of t h i s  s t u d y  a l s o  s u g g e s t  t h a t  th e  c o o p e r a t i v e  
grouping  s t r a t e g y  w a s  c o m p a r a b le  t o  in d iv id u a l ize d  p rob lem  
so lv ing  b a se d  upon s i m i l a r  c h e m i s t r y  p o s t t e s t  means.  
S t r a t e g i e s  m u s t  be v a r i e d  in o r d e r  to  keep  s t u d e n t s  i n t e r e s t e d  
and m o t iv a te d .  One t e a c h e r  c o m m e n te d  t h a t  sh e  p lanned  to  u se  
grouping  t h e  r e s t  of  th e  y e a r ,  h o w e v e r  no t  e x c lu s iv e ly  b e c a u s e  
" the  s t u d e n t s  t en d e d  to  b e c o m e  r e s t l e s s  and u n i n t e r e s t e d  a f t e r  
s e v e r a l  w e e k s  of u s ing  th e  s a m e  m e th o d  of in s t ru c t io n ."  
R e s e a r c h  on lea rn in g  s t y l e s  of s t u d e n t s  s u g g e s t s  t h a t  a v a r i e t y
r
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of i n s t r u c t i o n a l  s t r a t e g i e s  be u sed  in t h e  c l a s s r o o m  so  t h a t  
s t u d e n t s  w i l l  have  an o p p o r tu n i ty  to  l e a rn  th rough  t h e i r  
p e r f e r r e d  s t y l e  (Kuerbis ,  1988). S in c e  ove r  85% of i n s t r u c t i o n  
w i t h in  s c h o o l s  invo lves  l e c t u r e s ,  indiv idual  s e a t w o r k ,  or 
c o m p e t i t i o n  ( Johnson  & Jo h n so n ,  1983) ,  e f f e c t i v e  a l t e r n a t e  
s t r a t e g i e s  a r e  e s s e n t i a l ,  C o o p e ra t iv e  grouping  o f f e r s  a n o th e r  
m e a n s  f o r  t e a c h in g  c h e m i s t r y  p rob lem  so lv ing  t h a t  can be 
a d a p te d  to  any ty p e  of c l a s s ,  r e g u l a r  or  honors .  It  a l s o  
p ro v id e s  an a c t i v e  e n v i r o n m e n t  f o r  s t u d e n t s  to  p r a c t i c e  
so lv ing  p r o b le m s  r a t h e r  t h a n  th rough  s e a t w o r k  or r e c e p t i o n  
lea rn ing ,  n e i t h e r  of  w h ic h  p rov id e  a d e q u a te  s t i m u l a t i o n  fo r  th e  
d e v e lo p m e n t  of fo rm a l  r e a s o n in g  s k i l l s  (N urrenbern ,  1979). 
Also  Gagne and S m i th  ( 1 9 6 2 )  p ro p o se d  v e r b a l i z a t i o n  a s  a 
m e a n s  t o  e n co u rag e  s t u d e n t  th in k in g  f a c i l i t a t i n g  t h e  d i s c o v e ry  
of g e ne ra l  p r i n c i p l e s  and t h e i r  u se  in so lv in g  s u c c e s s i v e  
p rob lem s.
The o u tc o m e  of t h e  c o o p e r a t i v e  grouping  s t r a t e g y  w a s  t w o ­
fold. B e s id e s  c o o p e r a t i v e  g rouping  s e r v in g  a s  an a l t e r n a t i v e  
p r o b l e m - s o l v in g  s t r a t e g y ,  i t  s e r v e d  a s  a  m e a n s  f o r  t e a c h in g  
i n t e r a c t i o n  s k i l l s .  Most  s t u d e n t s  did n o t  i n s t i n c t l y  know how 
to  w o rk  e f f e c t i v e l y  w i t h  o t h e r  s t u d e n t s  a s  e v id e n ce d  by 
t e a c h e r  c o m m e n t s  and p oo r  i n t e r a c t i o n  b e t w e e n  s t u d e n t  p a i r s  
who  had been  so lv in g  p r o b le m s  th ro u g h o u t  th e  s tu d y  on an 
indiv idual  b a s i s .  On t h e  o t h e r  hand, m o s t  s t u d e n t s
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p a r t i c i p a t i n g  in c o o p e r a t i v e  grouping  c i t e d  e n jo y m e n t  and 
i n t e r e s t  a s  p o s i t i v e  o u t c o m e s  of t h i s  s t r a t e g y .  T h ese  f a c t o r s  
f o s t e r  h ig he r  l e v e l s  of m o t i v a t i o n  and m o re  p o s i t i v e  
i n t e r p e r s o n a l  r e l a t i o n s h i p s  a s  found in th e  r e s e a r c h  s t u d i e s  by 
Jo h n so n  and Jo h n s o n  ( 1 9 8 7 )  and Kurtz  and K arp lus  (1979) .  
S t u d e n t s  w e r e  e n c o u rag e d  to  w o rk  t o g e t h e r  by re q u i r in g  a 
group p ro d u c t  a s  w e l l  a s  bonus  p o i n t s  d e p en d en t  upon a 
m in im um  s c o r e  by each  group m e m b e r  on th e  t e s t .  Most 
s t u d e n t s  w o rk in g  in g ro u p s  le a rn e d  to  s h a r e  t h e i r  e x p e r t i s e ,  
w i t h  th e  m o re  c a p a b le  s t u d e n t s  a c c e p t in g  r e s p o n s i b i l i t y  fo r  
th e  o t h e r  group m e m b e r s '  lea rn ing .
I n t e r c o r r e l a t i o n s  am ong M a th e m a t i c a l  A p t i tu d e .  Aae. Sex, and 
P ro p o r t io n a l  R eason ing  A b i l i ty  
A s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  w a s  found b e tw e e n  m a th  
s t a n i n e s  and age  and a l s o  p r o p o r t io n a l  r e a s o n in g  a b i l i t y  and 
age  (p<.05). Honors  s t u d e n t s  s c h e d u le d  c h e m i s t r y  in t e n t h  
g rad e  w h i l e  r e g u l a r  c h e m i s t r y  c o n ta in e d  m a in ly  j u n i o r s  and 
s e n io r s .  S in c e  one of  t h e  c r i t e r i a  f o r  h o no rs  s e l e c t i o n  w a s  
m a th  s t a n i n e s ,  i t  i s  r e a s o n a b l e  to  expect , t h a t  yo unger  s t u d e n t s  
w ould  have  h ig h e r  m a t h  s t a n i n e s  th a n  t h e  o ld e r  s t u d e n t s .
Based  upon th e  r e s u l t s  of t h e  TOLT, m o re  h o n o rs  s t u d e n t s  w e r e  
i d e n t i f i e d  a s  p ro p o r t io n a l  r e a s o n e r s  th a n  r e g u l a r  c h e m i s t r y  
s t u d e n t s  t h u s  r e s u l t i n g  in a n e g a t iv e  c o r r e l a t i o n  w i t h  age.
Even though  P i a g e t i a n  r e s e a r c h  s u g g e s t s  t h a t  t h e r e  w ou ld  be
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m o re  p ro p o r t io n a l  r e a s o n e r s  in a s a m p le  of o ld e r  s t u d e n t s ,  in 
t h i s  s t u d y  t h e  s t u d e n t s  be ing  c o m p a re d  a re  no t  s i m i l a r  on th e  
b a s i s  of  m a th  s t a n i n e s  and th e  d i f f e r e n c e  in age  of m o s t  
s t u d e n t s  in t h e  t w o  g rou p s  i s  only one year .  S ince  f e w e r  
p ro p o r t io n a l  r e a s o n e r s  and s t u d e n t s  w i t h  lo w e r  m a th  s t a n i n e s  
a r e  found in th e  r e g u l a r  c h e m i s t r y  c l a s s e s ,  i t  is  d i f f i c u l t  to  
fo rm  h e t e r o g e n e o u s  g ro u p s  w i t h i n  t h o s e  c l a s s e s .  The 
e l i m i n a t i o n  of h o n o rs  c l a s s e s  w ou ld  r e s u l t  in th e  
d e s e g r e g a t i o n  of h ig h -ab i  1 i ty  s t u d e n t s  t h u s  i n c r e a s in g  th e  
p o s s i b l i t y  f o r  h e t e r o g e n e o u s  grouping. The r e s u l t s  of t h i s  
s t u d y  sh o w e d  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  in th e  
s u c c e s s  on s t o i c h i o m e t r i c  p rob lem  so lv in g  e x p e r i e n c e d  
b e t w e e n  hono rs  and r e g u l a r  c h e m i s t r y  c l a s s e s .  H ow ever  o t h e r  
f a c t o r s  no t  a d d r e s s e d  in t h i s  s t u d y  su c h  a s  t h e  y e a r  c h e m i s t r y  
i s  s c h e d u le d  by h o n o rs  s t u d e n t s  shou ld  be exp lo re d  b e f o r e  th e  
e l i m in a t i o n  of t h e  h o n o rs  p ro g ra m  shou ld  be cons id e red .
T h e re  w e r e  no s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n s  
b e t w e e n  s e x  and m a t h  s t a n i n e s ,  s e x  and p ro p o r t io n a l  
r e a s o n in g ,  and s e x  and age  (p<.05). C o n f l ic t in g  r e s e a r c h  e x i s t s  
c o n c e rn in g  t h e  c o r r e l a t i o n  of m a t h  a b i l i t y  and sex.  Som e 
s t u d i e s  such  a s  t h e  one  c o n d u c te d  by F a r r e l l  and F a r m e r  ( 1 9 8 5 )  
sh o w e d  g e n d e r - r e l a t e d  d i f f e r e n c e s  in f a v o r  of  m a l e s  in f i r s t -  
o r d e r  p ro p o r t io n a l  r e a s o n in g  b u t  no g e n d e r - d i f f e r e n c e s  f o r  
m u l t i p l e  p r o p o r t io n a l  r ea so n in g .  O th e r  s t u d i e s  a f f i r m  th e
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r e s u l t s  of t h i s  s t u d y  (K arp lus  & Pulos ,  1983; W hee le r  & Kass , 
1977).
S ince  t h e r e  w a s  a p o s i t i v e  c o r r e l a t i o n  b e tw e e n  m a th  
s t a n i n e s  and p ro p o r t io n a l  r e a s o n in g  a b i l i t y  (p<,05), 
h e te r o g e n e o u s  g ro u ps  could  be fo rm ed  b a se d  upon m a th  
s t a n i n e s  r a t h e r  th an  d e t e r m i n i n g  th e  s t u d e n t ' s  p ro p o r t io n a l  
r e a s o n in g  th rough  th e  a d m i n i s t r a t i o n  of a t e s t  t h u s  p rov id ing  
a n o th e r  op t ion  f o r  t e a c h e r s  in d e te r m i n i n g  t h e  c o m p o s i t i o n  of 
th e  groups.
A t t i t u d e  D i f f e r e n c e s
T h ere  w e r e  no s t a t i s t i c a l l y  s i g n i f i c a n t  m a in  e f f e c t s  of 
t r e a t m e n t ,  type ,  and p ro p o r t io n a l  r e a s o n in g  f o r  th e  p o s t ­
a t t i t u d e  m e a s u r e  (p< .05). The m ax im u m  s c o r e  t h a t  could  be 
o b ta in e d  on th e  m e a s u r e  w a s  120 in d ic a t in g  a s t r o n g  l ike  fo r  
c h e m is t r y ,  w h i l e  2 4  w a s  t h e  l o w e s t  s c o r e  in d ic a t in g  a s t r o n g  
d is l ike .  If s t u d e n t s  w e r e  u n d e c ided  on ev e ry  q u e s t io n ,  t h e i r  
s c o r e  w ou ld  be 72. The m e a n  s c o r e  on t h e  p o s t - a t t i t u d e  su rvey  
w a s  71 .2  s u g g e s t i n g  t h a t  m o s t  s t u d e n t s  w e r e  un dec ided  a s  to  
t h e i r  a t t i t u d e  a b o u t  c h e m i s t r y  even  a f t e r  sp en d ing  se v e n  
w e e k s  p rob lem  solv ing .  T h e s e  s t u d e n t s  had no t  engaged  in 
c h e m i s t r y  p ro b lem  so lv in g  p r i o r  to  t h i s  s t u d y  and dur ing  th e  
s e v e n  w e e k s  had no t  d e v e lo ped  a d i s l i k e  f o r  p ro b lem  so lv ing  
even though t h e i r  s u c c e s s  w a s  m in im a l .  In a d d i t io n ,  th e  
a t t i t u d e  of t h e s e  s t u d e n t s  had  n o t  changed  s i g n i f i c a n t l y
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r e g a r d l e s s  of t h e  ty p e  of c l a s s  o r  w h e t h e r  th ey  so lv ed  ' 
p r o b le m s  Ind iv idua l ly  or  in groups.
Although no t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  p ro p o r t io n a l  
r e a s o n e r s  in h o n o rs  c l a s s e s  had a m o re  p o s i t i v e  a t t i t u d e  when  
so lv in g  p r o b le m s  in d iv id ua l ly  than  in groups.  P ro p o r t io n a l  
r e a s o n e r s  in h on o rs  c l a s s e s  t h a t  w e r e  grouped a f f i r m e d  t h i s  
p o s s i b i l i t y  by c o m m e n t s  in d ic a t in g  a d i s l i k e  f o r  w o rk in g  in 
g ro up s  and th e  f e e l in g  t h a t  th ey  could  ad v ance  t h e m s e l v e s  
f a r t h e r  w o rk in g  alone, Many s t u d e n t s  in hon o rs  c l a s s e s  a re  
h igh ly  c o m p e t i t i v e  and g rad e  co nsc ious .  One p ro d u c t  p e r  group 
w i t h  each  m e m b e r  of  t h e  group s h a r in g  th e  s a m e  g rad e  w a s  not  
v i e w e d  a s  a d v a n ta g e o u s  t o  th e  top  a c h i e v e r s  in th e  c la s s .  
P ro p o r t io n a l  r e a s o n e r s  in r e g u l a r  c l a s s e s  h o w e v e r  had a m ore  
p o s i t i v e  a t t i t u d e  w h e n  so lv in g  p r o b le m s  in groups.  T h ese  
s t u d e n t s  did n o t  have  a s  m any  c o m p e t i t o r s  w i t h i n  th e  c l a s s  
and p e rh a p s  f e l t  m o re  c o m f o r t a b l e  w o rk in g  in groups,  Also in 
th e  r e g u l a r  c l a s s e s ,  t h e  to p  s t u d e n t s  w e r e  a f f o r d e d  an 
o p p o r tu n i ty  to  b e c o m e  m o r e  a c c e p t e d  by t h e i r  p e e r s  by sh a r in g  
t h e i r  e x p e r t i s e  w i t h  t h e i r  group m em b ers .
S i g n i f i c a n t  i n t e r a c t i o n s  of  ty p e  and p ro p o r t io n a l  r e a so n in g  
o c c u r r e d  f o r  t h e  s u b s c a l e  i d e n t i f i e d  a s  f e a r  o r  a n x ie ty  (p<.05). 
In h o no rs  c l a s s e s ,  t h e  f e a r  or  a n x ie ty  of  t r a n s i t i o n a l  s t u d e n t s  
w a s  g r e a t e r  th a n  e t h e r  s t u d e n t s  of  d i f f e r i n g  p ro p o r t io n a l  
r e a s o n in g  a b i l i t i e s  in e i t h e r  ty p e  c l a s s .  S t u d e n t s  in honors
102
c l a s s e s  have been  g rouped  t o g e t h e r  f o r  s e v e r a l  y e a r s .  
P ro p o r t io n a l  r e a s o n e r s  a r e  g e n e ra l ly  t h o s e  s t u d e n t s  who have 
been  s u c c e s s f u l  in m a t h e m a t i c s  ( p o s i t i v e  c o r r e l a t i o n  w i t h  
m a th  s t a n i n e s )  and a re  t h u s  c o n f id e n t  w i t h  l e s s  a n x ie ty ,  but  
t r a n s i t i o n a l  s t u d e n t s  may s t i l l  be t r y in g  to " m e a s u re  up."
S ince  t h e s e  s t u d e n t s  have been i d e n t i f i e d  a s  honors ,  they  may 
s t i l l  be s t r i v i n g  to  be a s  s u c c e s s f u l  a s  o t h e r  s t u d e n t s  in t h e i r  
c la s s .  They may be under  p r e s s u r e  to  m ake  A's and t h u s  
e x p e r i e n c e  m o re  anxie ty .  N o n -p ro po r t ion a l  r e a s o n e r s  may not 
have been  a s  s u c c e s s f u l  a s  t h e  o t h e r  s t u d e n t s  ov e r  th e  p a s t  
f e w  y e a r s  in m a t h e m a t i c s  and may be c o n te n t  to  a s s u m e  th e  
l o w e r  end of th e  s p e c t r u m  p e rh a p s  e x c e l l in g  in non-  
m a t h e m a t i c a l  co u rse s .
S i g n i f i c a n t  i n t e r a c t i o n s  of t r e a t m e n t  and ty p e  a l s o  
o c c u r re d  f o r  t h e  f e a r  or  a n x ie ty  s u b s c a l e  (p<,05). In r e g u la r  
c l a s s e s  t h e  f e a r  or  a n x ie ty  of grouped  s t u d e n t s  w a s  l e s s  than  
t h a t  of s t u d e n t s  so lv in g  p r o b le m s  ind iv idua l ly .  The o p p o s i t e  
w a s  t r u e  fo r  honors  c l a s s e s .  S t u d e n t s  in r e g u l a r  c l a s s e s  w e r e  
ab le  to  s h a r e  t h e i r  e x p e r t i s e  and in p a r t i c u l a r  o b ta in  
a s s i s t a n c e  f ro m  a p ro p o r t io n a l  o r  t r a n s i t i o n a l  r e a s o n e r  in 
m o s t  c a se s .  When r e g u l a r  s t u d e n t s  w e r e  so lv in g  p r o b le m s  
ind iv idua l ly ,  t h ey  had to  depend upon t h e m s e l v e s  o r  s h a r e  th e  
t e a c h e r ' s  e x p e r t i s e  w i t h  a l l  o t h e r  c l a s s  m e m b e r s  t h u s  
e x p e r i e n c in g  m o re  a n x ie ty  or  fea r .  Honors c l a s s e s  c o n ta in e d
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m o re  p ro p o r t io n a l  and t r a n s i t i o n a l  r e a s o n e r s  w h ic h  in c r e a s e d  
th e  p r o b a b i l i t y  of  s u c c e s s  on an individual  b a s i s  (Bender  & 
Milakofsky,  1982;  Gabel & Sherw ood ,  1983; Gabel, Sherw ood ,  & 
Enochs, 1984; Herron,  1978;  K ra jc ik  & Haney, 1987).
S u c c e s s f u l  and U n s u c c e s s fu l  P rob lem  S o lv e r s  
Overal l  t h e  s u c c e s s f u l  g ro u ps  and p a i r s  c o n ta in e d  s t u d e n t s  
who e x h ib i t e d  a s t r o n g  c o n c e p tu a l  background  a s  e v id en ced  by 
t h e i r  s u c c e s s  in w r i t i n g  b a la n c e d  c h e m ic a l  e q u a t io n s ,  
d e te r m i n i n g  r a t i o s  and m ak ing  t h e i r  p r e d i c t i o n s  f rom  them. 
More Im p o r ta n t ly ,  t h e s e  s t u d e n t s  w e r e  c o n f id e n t  and 
p e r s i s t e n t  and in m o s t  c a s e s  th ey  w e r e  a b le  to  t e a c h  t h e  o th e r  
m e m b e r s  of t h e i r  g ro u p s  how to  so lv e  t h e  p ro b le m s  by 
m odel ing ,  a sk in g  q u e s t i o n s ,  and us ing  a n a lo g ie s  a s  th ey  w ork ed  
th rough  t h e  p r o b le m s  1n an o rg an iz ed  fash ion .  In ev e ry  c a s e  
t h e s e  s t u d e n t s  w e r e  i d e n t i f i e d  a s  be ing  p ro p o r t io n a l  or 
t r a n s i t i o n a l  r e a s o n e r s .
T e a m s  t h a t  e x h ib i t e d  c o o p e r a t i v e  b eh av io r  had th e  
a d v a n ta g e  of  s h a r i n g  t h e  e x p e r t i s e  of a l l  group m e m b e r s  w h i l e  
p r o b l e m - s o l v in g  s u c c e s s  f o r  t e a m s  e x h ib i t in g  l i t t l e  
i n t e r a c t i o n  depended  upon one in d iv id u a l ' s  c o n c e p tu a l  base.
Not only a w e a k  c o n c e p tu a l  u n d e r s t a n d in g  bu t  a l s o  
m a t h e m a t i c s  d e f i c i e n c i e s  such  a s  s u b t r a c t i n g  un l ike  
q u a n t i t i e s  o r  t r e a t i n g  a r a t i o  a s  a d i f f e r e n c e  c o n t r i b u t e d  to  
t e a m s  be ing  u n s u c c e s s f u l .  Even though  5 0  p e r c e n t  of t h e
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t e a m s  e x h ib i t e d  c o o p e r a t i v e  behavior ,  t h e i r  w e a k  co n ce p tu a l  
b a s e  r e s u l t e d  in th e  u s e  of  t r i a l - a n d - e r r o r  s t r a t e g y  w i t h o u t  
s u c c e s s .  Camacho ( 1 9 8 6 )  c i t e d  th e  u se  of t h i s  s t r a t e g y  by 
u n s u c c e s s f u l  novices .
T h is  a n a l y s i s  s u g g e s t s  t h a t  th e  c r i t e r i a  of s e l e c t i o n  fo r  
s u c c e s s f u l  p ro b lem  so lv in g  shou ld  be b a se d  upon con ce p tu a l  
u n d e r s t a n d in g  a s  e x h ib i t e d  by s t u d e n t  p e r f o r m a n c e  r a t h e r  than  
upon p ro p o r t io n a l  r e a s o n in g  alone.  R ecen t  a d v a n c e s  in 
p r o b l e m - s o l v in g  r e s e a r c h  a s  r e p o r t e d  by B rans fo rd ,  Sherwood,  
Vye, and R i e s e r  ( 1 9 8 6 )  c o n c u r  w i t h  t h i s  s u g g e s t i o n  a s  po in ted  
ou t  in t h i s  exce rp t :
"Thinking a b i l i t i e s  a r e  n o t  s im p ly  added on top  of 
e x i s t i n g  d o m a i n - s p e c i f i c  c o m p e te n c ie s .  In s tead ,  
c o m p e t e n c i e s  in a dom ain  and th e  a b i l i t y  to  th ink  
a bou t  t h a t  dom ain  s e e m  to  develop  hand in hand."
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L im i t a t i o n s
1. C o o p e ra t iv e  g rouping  w a s  n o t  be ing  u sed  in th e  
se c o n d a ry  s c h o o l s  in t h i s  d i s t r i c t ,  t h u s  s t u d e n t s  
had to  lea rn  how to  work, w i t h  o t h e r  s t u d e n t s  in 
a d d i t io n  to  l e a rn in g  how to  so lv e  c h e m i s t r y  
p rob lem s .  For s o m e  s t u d e n t s ,  i n t e r a c t i o n  s k i l l s  
w e r e  no t  e a s i l y  l e a r n e d  and r e s u l t e d  in non­
p ro d u c t iv e  p r o b l e m - s o l v in g  s e s s io n s .
2. C o o p e ra t iv e  g rou p s  a re  c h a r a c t e r i z e d  by be ing  
h e te r o g e n e o u s  in a b i l i ty .  In t h e  r e g u l a r  
c h e m i s t r y  c l a s s e s ,  h o m o g eneou s  g rou p s  r e s u l t e d  
due t o  an i n s u f f i c i e n t  n u m b e r  of p ro p o r t io n a l  
r e a s o n e r s .
3. The p o s t - c h e m i s t r y  t e s t  w a s  p a r t  of  th e  s t u d e n t s '  
m id t e r m  e x a m in a t io n .  The t i m e  sc h e d u le d  f o r  t h i s  
t e s t  w a s  im m e d ia t e l y  p r i o r  to  th e  C h r i s t m a s  
ho l idays .  A lso  t h e r e  w e r e  t i m e  c o n s t r a i n t s  in t w o  
of t h r e e  s c h o o l s  w i t h  t h e  t i m e  a l l o w e d  f o r  t h e  exam  
rang ing  f rom  1.5 h o u r s  to  2 hours. S in c e  th e  
p r e s c r i p t i v e  m e th o d  r e q u i r e d  m o r e  t im e ,  s o m e  
s t u d e n t s  o p te d  f o r  a m a t h e m a t i c a l  s o l u t io n  only,
a s  w a s  a l s o  found in t h e  Bunce and Heikkenin  s tu d y  
(1986) .
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4. Even though  r e s e a r c h  h a s  i n d ic a te d  t h a t  s t u d i e s  
t h a t  l a s t  a p e r io d  of  t i m e  of b to  10 w e e k s  r e s u l t  
in e f f e c t i v e  p r o b l e m - s o l v in g  i n s t r u c t i o n  (Curbelo,
1984) ,  t h i s  p e r io d  i s  too  s h o r t  to  e f f e c t  change  
f ro m  a m e m o r i z a t i o n  mode to  a c r i t i c a l  th ink ing  
mode ( s u p p o r t e d  by t e a c h e r  c o m m en ts ) .  Also it  
t a k e s  t i m e  f o r  s t u d e n t s  to:
a. I n t e r n a l i z e  p r o b l e m - s o l v in g  s t r a t e g i e s  le a rn e d  in groups.
b. Learn  how to  i n t e r a c t  p o s i t i v e l y  w i t h  o t h e r  s tu d e n t s .
c. Evoke change  in p ro p o r t io n a l  reason ing .
5. T h is  s t u d y  c o n s i d e r e d  p r o b le m s  t h a t  d e a l t  w i t h  only 
one to p ic  in c h e m i s t r y ,  s t o i c h i o m e t r y .  The r e s u l t s  
m ay no t  be g e n e r a l i z a b l e  to  o t h e r  p rob lem  types .
I m p l i c a t io n s
The r e s u l t s  of t h i s  s tu d y  have  s e v e r a l  i m p l i c a t i o n s  f o r  high 
school  c h e m i s t r y  t e a c h e r s  and f u t u r e  r e s e a rc h .
High School  C h e m is t r y  T e a c h e r s  
As a r e s u l t  of  t h i s  r e s e a r c h  s tu d y  and t e a c h e r  e v a lu a t io n s ,  
c o n s i d e r a t i o n  sh o u ld  be g iven  to  t h e  f o l lo w in g  su g g e s t io n s :
1. The u s e  of  t h e  p r e s c r i p t i v e  m e th o d  f o r  p rob lem  
so lv in g  e s p e c i a l l y  w h e n  s t u d e n t s  e n c o u n te r  a 
new  ty p e  of  p rob lem .
2. The u se  of c o o p e r a t i v e  g rouping  a s  an 
a l t e r n a t i v e  a p p ro a c h  f o r  t e a c h i n g  p rob lem  solv ing .
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3. More t i m e  d e v o te d  t o  c o n ce p tu a l  d e v e lo p m e n t  
on a q u a l i t a t i v e  ba s i s .
4. The u se  of c o o p e r a t i v e  grouping  to  p ro m o te  
i n t e r a c t i o n  sk i l l s .
5. The u se  of v id e o ta p in g  to  a n a ly z e  s t u d e n t s '  
p r o b l e m - s o lv in g  behav io rs .
6. The d e c r e a s e  in th e  q u a n t i t y  of a s s ig n e d  
p r o b le m s  w i t h  g r e a t e r  e m p h a s i s  on the  
p r o b le m - s o lv in g  p ro c e s s .
F u tu re  R e s e a rc h
C o o p e ra t iv e  g rouping  r e s e a r c h  n e e d s  t o  be c o n t in u e d  in th e  
a r e a  of  p rob lem  so lv in g  e s p e c i a l l y  a t  t h e  se c o n d a ry  level  
w h e r e  s t u d e n t s  a r e  beg inn ing  to  th ink  fo rm a l ly .  S ince  t h i s  
s t u d y  s u g g e s t s  t h a t  c o o p e r a t i v e  grouping  is  a v ia b le  
a l t e r n a t i v e  s t r a t e g y  f o r  c h e m i s t r y  p rob lem  so lv ing ,  o th e r  
f a c t o r s  shou ld  be c o n s id e r e d  su ch  as:
1. W h e th e r  p r o b l e m - s o l v in g  c h a r a c t e r i s t i c s  of 
s u c c e s s f u l  g ro u ps  b e com e  in te rn a l i z e d .
2. The e f f e c t  p r o b l e m - s o l v in g  in c o o p e r a t i v e  
g rou p s  h a s  on r e t e n t io n .
3. The u se  of  c o o p e r a t i v e  grouping  in id e n t i fy in g  
and chang ing  m is c o n c e p t io n s .
H e l le r  and Re if  ( 1 9 8 4 )  found t h a t  t h e  p r e s c r i p t i v e  m e th o d  
u se d  in t h e i r  s t u d y  w a s  s u f f i c i e n t  to  g e n e r a t e  e x c e l l e n t
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prob lem  d e s c r i p t i o n s  and im prove  su b s e q u e n t  p rob lem  
so lu t io n s .  T h e i r  w ork  a s  w e l l  a s  t h a t  of Gabel (in p r e s s )  and 
Bunce and Heikkinen ( 1 9 8 6 )  w a s  s u p p o r te d  by t h i s  s tudy.  
R e se a rc h  should  c o n t in u e  to  d e te rm in e :
1. W hether  t h e  p r e s c r i p t i v e  m e th o d  can be 
e f f e c t i v e  w i t h  y o u n g e r  s t u d e n t s  in p ro m o t in g  
c r i t i c a l  th in k in g  s k i l l s  in l ieu  of m e m o r iz in g  fo rm u la s .
2. W hether  th e  p r e s c r i p t i v e  m e th o d  p r o m o te s  r e t e n t io n .
3. W hether  th e  p r e s c r i p t i v e  m e th o d  can be a d a p te d
to  o t h e r  c h e m i s t r y  p r o b le m s  b e s i d e s  s to i c h io m e t r y .
The p rec ed in g  s u g g e s t i o n s  a r e  b a se d  upon t h e  s t a t i s t i c a l  
r e s u l t s  of t h i s  s tu d y  a s  w e l l  a s  th e  v id e o ta p e  a n a ly s e s ,  
s t u d e n t  and t e a c h e r  c o m m e n t s ,  and p e rs o n a l  o b s e r v a t i o n s  of 
t h e s e  c l a s s e s .
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c o o p e r a t i v e  g r ou p i n g  based  upon i n i t i a l  p r o p o r t i o n a l  
r e a s o n i n g  s k i l l s  and p r e s c r i b e d  d i r e c t i o n s  f o r  problem  
s o l v i n g  t h a t  emphas i ze  q u a l i t a t i v e  r e d e s c r i p t  i o n .
I am w r i t i n g  t o  ga in  p e r m i s s i o n  t o  conduct  my proposed  
s t ud y  in the  p u b l i c  h igh  s c h o o l s  in Terrebonne P a r i s h  
u s i n g  t h r e e  c l a s s e s  o f  c h e m i s t r y  per  s c ho o l  working  
w i t h  t h r e e  t e a c h e r s .  I have spoken t o  each t e a c h e r  and 
they  are  e x tr e m e l y  i n t e r e s t e d  in t r y i n g  new i d e a s  
d e s i g n e d  t o  a s s i s t  s t u d e n t s  in becoming b e t t e r  problem  
s o l v e r s .  A p i l o t  s t ud y  w i t h  s t u d e n t s  in a Chemistry  II 
c l a s s  w i l l  be needed du r in g  the  f i r s t  n i n e  weeks  s i n c e  
f i r s t  year  c h e m i s t r y  s t u d e n t s  do not  e n c o u n t e r  many 
problems  du r in g  the  i n i t i a l  g r a d i n g  p e r i o d .
I a s s u r e  you t h a t  I w i 11 f o l l o w  a l l  r e g u l a t i o n s  
p e r t a i n i n g  t o  the  us e  o f  s t u d e n t s  in r e s e a r c h  a s  w e l l  
a s  acknowledge  the  t e a c h e r s  and s choo l  sy s t em  f o r  t h e i r  
c o n t r i b u t i o n .  I w i 11 conduct  the  r e s e a r c h  du r i n g  my 
l ea v e  o f  ab se n ce  a s  w e l l  a s  bear  e l l  c o s t s  o f  the  
p r o j e c t .
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The a p p l i c a b i l i t y  o f  t h i s  r e s e a r c h  t o  o t h e r  problem  
s o l v i n g  a r e a s  p r o v i d e s  an o p p o r t u n i t y  t o  expand the  
f o c u s  beyond c h e m i s t r y .  I f  s u c c e s s f u l  in t h i s  
r e s e a r c h ,  I hope t o  be i n v o l v e d  in such an e f f o r t .
I a p p r e c i a t e  the  suppor t  you have g i v e n  me in the  p a s t  
and look forward to  h e a r i n g  from you soon .
Si  n c e r e 1y ,
Joy B. T i n g l e
S c i e n c e  Curriculum S p e c i a l i s t
APPENDIX B 
Honors C r i t e r i a
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113Lractions for I n it ia l  Placement
i .  List all students in the grade level alphabetically 
i in the first column of this form,
i
. From each student's cumulative record, obtain 
student's grades for the subject(s) concerned and his 
JQ and stanine scores on California Achievement Tests. 
Record and use this information as described in the 
following steps.
. Record student's IQ in the "IQ" column. Obtain stu­
dent's score for "Weighted IQ" column by adding the 
value points (shown above the columns) for his IQ 
scores on the tliree most recent California Achieve­
ment Tests.
If student does not have scores from 3 different achieve­
ment tests, use scores available to estimate an average 
JQ. Multiply value points for IQ average by three to ob­
tain score for "Weighted IQ" column.
. Obtain student's score by subject for "Weighted Sta- 
nines" section by adding the value points for his 
stanines in the subject, taken from the three most 
recent California Achievement Tests.
If student does not have scores from three different 
achievement tests, use scores available to estimate an 
average stanine in each subject. Multiply these average 
stanines by three to obtain scores for each part of the 
"Weighted Stanines" section.
Obtain student's scores for "Weighted Grades" section by 
i  adding quality points for his average grade in each speci­
fied subject for the current year and two previous years. 
Then double the sum.
Example: Assume a ninth grade student in regular math has 
a current average of B, and averages of A in the 
6th grade arid B in the 7th. You would add 
3 + A + 3 and double the sum, thus obtaining 20 
a3 his math score for the "Weighted Grades" part.
If grades are not available for all three years, use 
what you have to estimate an average grade for each 
subject. Then multiply the quality points for the 
average grade by three and double the total.
6. Total student's points for "Weighted IQ," "Weighte 
Stanines," and "Weighted Grades" to obtain a com­
posite score or index number for each subject need< 
Follow the chart below.
To calculate composite scores or index numbers 
for different subject areas, use grades and 
stanines as follows: (average when necessary)

























Reading t  ^*3'
7. Use scale below to place students in high level (H) 
regular (R), or low level (L) classes.
Class Range of Scores 
L 2 - 3 3
' n 3b - 53
H 5b -  8b
N3O'
APPENDIX C 
Pi 1o t  Study
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P ilo t Study
A p i lo t  s tu d y  (n = 5 5 )  w a s  c o n d u c ted  f o r  a t h r e e - w e e k  
p e r iod  in tw o  p h y s i c s  c l a s s e s  r e p r e s e n t i n g  th e  e n t i r e  p h y s ic s  
p o p u la t io n  in a pub l ic  high school  in a ru ra l  so u th  L ou is iana  
p a r i s h  dur ing  th e  beg inn ing  of th e  fa l l  s e m e s t e r ,  1987.
P h y s i c s  s t u d e n t s  w e r e  u se d  in t h e  p i lo t  s i n c e  in t r o d u c to r y  
c h e m i s t r y  c l a s s e s  do no t  e n c o u n te r  p rob lem  so lv ing  un t i l  l a t e r  
in th e  s e m e s t e r .
P r i o r  to beg inn ing  th e  s tu d y ,  th e  TOLT w a s  a d m in i s t e r e d .  
F o r t y - s i x  p e r c e n t  of t h e  s t u d e n t s  in one c l a s s  ( 1 2 / 2 6 )  and 48% 
of th e  s t u d e n t s  in t h e  o t h e r  c l a s s  ( 1 4 / 2 9 )  r e s p o n d e d  c o r r e c t l y  
to  th e  p ro p o r t io n a l  r e a s o n in g  i te m s .  T hese  r e s u l t s  a r e  s i m i l a r  
to  th e  f in d in g s  in a s tu d y  c o n d u c te d  by McKinnon and Renner  
( 1 9 7 1 )  w i t h  c o l l e g e  f r e s h m a n .  Using th e  r e s u l t s  of th e  TOLT, 
s t u d e n t s  in one c l a s s  w e r e  ran d o m ly  p la c e d  in h e te r o g e n e o u s  
g rou p s  of fo u r  b a s e d  upon p ro p o r t io n a l  r e a s o n in g  a b i l i t y  w hen  
so lv in g  p h y s i c s  p ro b le m s .  Each group c o n ta in e d  t w o  s t u d e n t s  
who had a n s w e r e d  b o th  p ro p o r t io n a l  r e a s o n in g  i t e m s  c o r r e c t l y  
(p ro p o r t io n a l  r e a s o n e r s ) ,  one s t u d e n t  w ho  had a n s w e r e d  one 
i te m  c o r r e c t l y  ( t r a n s i t i o n a l  r e a s o n e r ) ,  and one s t u d e n t  who  
had a n s w e r e d  b o th  i n c o r r e c t l y  (n o n p ro p o r t io n a l  r e a s o n e r ) .  In 
o rd e r  to  s a t i s f y  s t u d e n t  q u e s t i o n s  a s  to  how th e  g rou p s  w e r e  
d e te r m in e d ,  s t u d e n t s  w e r e  in fo rm e d  t h a t  t h e  g ro u ps  w e r e  
b a se d  upon p r o p o r t io n a l  r e a s o n in g  a b i l i t y ,  bu t  indiv idual
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r e s u l t s  of th e  TOLT w e r e  n o t  m ade  a v a i lab le .  The co n t ro l  
t r e a t m e n t  c l a s s  w a s  r e q u i r e d  to  so lv e  p h y s i c s  p r o b le m s  on an 
ind iv idua l  bas is .
I n s e r v ic e  f o r  th e  t e a c h e r  w a s  p rov ided  to  a c q u a in t  h e r  w i t h  
c o o p e r a t i v e  g rouping  and p ro b lem  p r e s c r i p t i o n  and to  c l a r i f y  
h e r  ro le  in w o rk in g  w i t h  bo th  p h y s i c s  groups. Whole c l a s s  
i n s t r u c t i o n  f o r  bo th  c l a s s e s  inc luded  c o n c e p tu a l  in f o r m a t io n  
m a n d a te d  by a p a r i s h  c u r r i c u lu m  guide  in p h y s i c s  a d d r e s s in g  
th e  c o n c e p t s  of speed ,  v e lo c i ty ,  and a c c e l e r a t i o n  a s  w e l l  a s  
p ro b lem  p r e s c r ip t io n .
P rob lem  s e t s  c o n s i s t i n g  of v e l o c i t y  and a c c e l e r a t i o n  
p r o b l e m s  w e r e  c o m p l e t e d  in bo th  c l a s s e s  du r ing  c l a s s  t i m e  so  
t h a t  a f t e r s c h o o l  p ro b lem  so lv in g  w ou ld  no t  b e co m e  a f a c t o r  in 
th e  s tudy .  Even though  t h i s  typ e  of p ro b lem  involved  plugging 
n u m b e r s  in to  a fo rm u la ,  p ro p o r t io n a l  r e a s o n in g  w a s  involved  in 
p r e d i c t i n g  an a n s w e r  b a s e d  upon an i n i t i a l  s i t u a t i o n ,
C la s s ro o m  o b s e r v a t i o n s  a s  w e l l  a s  a n a l y s e s  of th e  v e rba l  
p r o t o c o l s  r e v e a l e d  a c h ang e  in a t t i t u d e  b e t w e e n  th e  co n t ro l  
t r e a t m e n t  and e x p e r i m e n t a l  t r e a t m e n t  c l a s s e s .  Due to  a l a s t  
m in u t e  s u b s t i t u t i o n  of p e r s o n n e l ,  s t u d e n t s  in b o th  c l a s s e s  
w e r e  a n t a g o n i s t i c  t o w a r d  th e  t e a c h e r  and u n c o o p e ra t iv e .  The 
s t u d e n t s  r e s i s t e d  e v e r y th in g  t h a t  th e  t e a c h e r  did t h a t  w a s  no t  
s i m i l a r  t o  t h e  t e c h n iq u e s  em p lo yed  by t h e i r  l a s t  y e a r  
c h e m i s t r y  t e a c h e r  who  w a s  s u p p o s e d  to  be t h e i r  p h y s i c s
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teacher. These students made negative comments about the 
t e a c h e r  and o f t e n  r e f u s e d  to  c o m p l e t e  any of th e  a s s ig n m e n t s .  
A f t e r  grouping on? c l a s s ,  s t u d e n t s  began  to  e n t e r  th e  room 
a sk in g  in a p o l i t e  and e a g e r  w ay  if  th ey  w e r e  going to  be ab le  
to  w o rk  p r o b le m s  in g ro u ps  t h a t  day. The o t h e r  c l a s s  con t in ued  
to be a n t a g o n i s t i c  th ro ug h ou t  th e  s tudy.
C la s s ro o m  o b s e r v a t i o n s  and v e rba l  p r o t o c o l s  a l s o  s u g g e s t e d  
th e  fo l lowing:
1. The t i m e  on t a s k  w a s  g r e a t e r  in th e  g roups  a s  ev idenced  
by s t u d e n t s  c o n v e r s in g  w i t h  e a c h  o t h e r  abou t  the  
p r o b le m s  in q u e s t io n  a s  opposed  to  so m e  s t u d e n t s  
w o rk in g  a lone ,  who looked o u t  of th e  w ind o w  and even 
s l e p t  in c la s s .
2. S t u d e n t s  w o rk in g  p r o b le m s  ind iv id ua l ly  com p la in e d  m ore  
abou t  us ing  th e  p r e s c r i p t i o n  th a n  th e  s t u d e n t s  w ork ing  
in groups.
3. Both c l a s s e s  had d i f f i c u l t y  w i t h  p re d ic t io n ,  bu t  th e  
t e a c h e r  in d ic a te d  t h a t  th e  s t u d e n t s  in g rou p s  t ended  to 
p r e d i c t  b e t t e r  on th e  t e s t  th a n  th e  o t h e r  s t u d e n t s .
4. S t u d e n t s  in g ro up s  t e n d e d  to  d e r iv e  f o r m u la s  m o re  o f t e n  
th an  plugging  n u m b e r s  in to  a m e m o r iz e d  fo rm ula .
5. Groups of fo u r  o f t e n  d iv ided  t h e m s e l v e s  Into t w o  groups  
of t w o  o r  one s t u d e n t  w a s  l e f t  ou t  of th e  in te r a c t io n .
As a r e s u l t  of th e  p i lo t  s tu d y ,  p l a n s  to  u s e  g roups  of t h r e e  
w e r e  im p le m e n te d  in th e  d i s s e r t a t i o n  s tudy .  More e x a m p le s  of 
p r o b le m s  a d a p te d  to  t h e  p r e s c r i p t i v e  m e th o d  w e r e  prov ided  
w i t h  an e m p h a s i s  on p re d ic t io n .  I n t e r a c t i o n  s k i l l s  w e r e  
s t r e s s e d  o f t e n  w i t h  s t u d e n t s  e m p h a s i z in g  t h e  f u n c t io n in g  of 











A series of eight problems is presented. Each problem will lead to a question. 
Record the answer you have chosen and reason for selecting that answer.
Problem Best Answer Reason
1.    _
t
2 .   ______
3. ___________________________________________ ______________  ________
4 .  ______________  ________
5.__________________________________________________________  ________
6.   ____
7. ___________  ______
8 .
Put your answers to questions 9 and 10 below:
9. TJD SAH 10.. BDGC
Item 1 Orange Juice #1
Four large oranges are squeezed to make siz glasses' of juice. 







1. The number of glasses compared to the number of oranges will
always be in the ratio 3 to 2.
2. With more oranges, the difference will be less.
3. The difference in the numbers will always be two.
4. With four oranges the difference was 2. With six oranges
the difference would be two more.
5. There is no way of predicting.
Item 2 Orange Juice #2
- How many oranges are needed to make 13 glasses of juice?
a. 6 1/2 oranges





1. The number of oranges compared to the number of glasses will
always be in the ratio 2 to 3.
2. If there are seven more glasses, then five more oranges are 
needed.
3. The difference in the numbers will always be two.
4. The number of oranges will be half the number of glasses.
5. There is no way of predicting the number of oranges.
Item 3 The Pendulum's Length
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Suppose you wanted to do an experiment to find out if 
changing the length of a pendulum changed the amount of time it 
takes to swing back and forth. Which pendulums would you use 
for the experiment?
a. 1 and 4
b. 2 and 4
c. 1 and 3
d. 2 and 5
e . all
Reason:
1. The longest pendulum should be tested against the shortest 
pendulum.
2. All pendulums need to be tested against one another.
3. As the length is increased the number of washers should be 
decreased.
4. The pendulums should be the same length but the number of 
washers should be different.
5. The pendulums should be different lengths but the number of 
washers should be the same.
Item 4 The Pendulum's Weight 






Suppose you wanted to do an experiment to find out if 
changing the weight on the end of the string changed the amount 
of time the pendulum takes to swing back and forth. Which 









2 and 5 
all
Reason:
1. The heaviest weight should be compared to the lightest 
weight.
2. All pendulums need to be tested against one another.
3. As the number of washers is increased the pendulum should be 
shortened.
4. The number of washers should be different but the pendulums 
should be the same length.
5. The number of washers should be the same but the pendulums 
should be different lengths.
I ten 5 The Vegetable Seeds 136
A gardener bought a package containing 3 squash seeds and 3 
bean seeds. If just one seed is selected from the package what 
are the chances that it is a bean seed?
a . 1 out of 2
b . 1 out of 3
c . 1 out of 4
d. 1 out of 6
e. 4 out of 6
Reasons:
1. Four selections are needed because the three squash seeds 
could have' been chosen in a row.
2. There are six seeds from which one bean seed must be chosen.
3. One bean seed needs to be selected froma total of three.
4. One half of the seeds are bean seeds.
5. In addition to a bean seed, three squash seeds could be 
selected froma total of six.
Item 6 The Flower Seeds
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A gardener bought a package of 21 mixed seeds. The package 
contents listed:
3 short red flowers
4 short yellow flowers
5 short orange flowers 
4 tall red flowers
2 tall yellow flowers
3 tall orange flowers
If just one seed is planted, what are the chances that the 
plant that grows will have red flowers?
a. 1 out of 2
b. 1 out of 3
'c . 1 out of 7
d. 1 out of 21
e. other
Reason:
1. One seed has to chosen from among those that grow red, 
yellow or orange flowers.
2. 1/4 of the short and 4/9 of the tails are red.
3. It does not matter whether a tall or a short is picked, 
red seed needs to be picked from a total of seven red seeds
4. One red seed must be selected from a total of 21 seeds.
One
5. Seven of the twenty-one seeds will produce red flowers.
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Item 7 The Mice
The mice shown represent a sample of mice captured from a part 
of a field. Are fat mice more likely to have black tails and 




1. 8/11 of the fat mice have black tails and 3/4 of the thin 
mice have white tails.
2. Some of the fat mice have white tails and some of the thin 
mice have white tails.
3. 18 mice out of thirty have black tails and 12 have white 
tails.
4. Not all of the fat mice have black tails and not all of the 
thin mice have white tails.
5. 6/12 of the white tailed mice are fat.
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Item 8 The Fish




1. Some fat fish have broad stripes and some have narrow 
stripes.
2. 3/7 of the fat fish have broad stripes.
3. 12/28 are broad striped and 16/28 are narrow striped.
4. 3/7 of the fat fish have broad stripes and 9/21 of the thin 
fish ha'^e broad stripes.
5. Some fish with broad stripes are thin and some are fat.
Item 9 The Student Council 140
Three students from grades 10, 11, and 12 were elected to the 
student council. A three member committee is to be formed v;ith 
one person from each grade. All possible combinations must be 
considered before a decision can be made. Two possible 
combinations are Tom, Jerry and Dan (TJD) and Sally, Anne and 
Martha (SAM). List all other possible combinations in the 
spaces provided.















Item 10 The Shopping Center
In a new Shopping Center, 4 store locations are going to be 
opened on the ground level.
A BARBER SHOP ( B) , a DISCOUNT STORE (D) ,  a GROCERY STORE (G),  
and a COFFEE SHOP (C) want to move in there. Each one of the 
stores can choose any one of four locations. One way that the 
stores could occupy the 4 locations is BDGC. List all other 
possible ways that the stores can occupy the 4 locations.
(More spaces are provided on the Answer Sheet than you will 
need.)
APPENDIX E 




The figure at the left is called Mr. Short. We 
used large round buttons laid side-by-side to 
measure Mr. Short's height, starting from the floor 
between his feet and going to the top of his head. 
His height was four buttons. Then we took a 
similar figure called Mr. Tall, and measured it in 
the same way with the same buttons. Mr. Tall was 
six buttons high.
Now please do these things:
1. Measure the height of Mr. Short using paper 
clips in a chain provided. The height is
2. Predict the height of Mr. Tall if he were 
measured with the same paper clips. ____________
3. Explain how you figured out your prediction. 
(You may use diagrams, words, or calculations. 
Please explain your steps carefully.)
APPENDIX F 
A t t i t u d e  Survey
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1 4 4
A t t i t u d e  Survey
D i r e c t i o n s :  P l e a s e  i n d i c a t e  how you f e e l  about  each
s t a t e m e n t  by marking your answer s h e e t  
a c c o r d i n g  t o  the  f o l l o w i n g  s c a l e :
1 = S t r o n g l y  agree
2 = Agree
3 = Undecided
4 - D i s a g r e e




















2 0 . 
21 .
i s  not  a very i n t e r e s t i n g  s u b j e c t ,  
d e v e lo p  my s c i e n c e  s k i l l s  and s tudy  
more .
i s  a very  wor thw hi l e  and n e c e s s a r y
Chemistry  
I want to  
chemi s t r y  
Chemistry  
subj  e c t .
Chemistry  
I have e n j oy ed  
s e m e s t e r .
I d o n ' t  want to  
have t o .
Other s u b j e c t s  are  
c h e m i s t r y .
I am very  calm when s o l v i n g  word problems .
I have se ldom l i k e d  s o l v i n g  word prob lems .
I am i n t e r e s t e d  in t a k i n g  more c l a s s e s  l i k e  
o n e .
Chemistry h e l p s  to  de ve lo p  the  mind and t e a c h e s  
t o  t h i n k .
Chemistry  
c o n f u s e d .
Chemistry
makes me f e e l  nervous  and unco m fo r t ab l e  
s t u d y i n g  p h y s i c a l  c h e m i s t r y  t h i s
take  any more c h e m i s t r y  than I
more important  t o  p e o p l e  than
t h i s
me
I am not  w i 11ing  t o  
amount of  c h e m i s t r y
problem s o l v i n g  makes me f e e l  uneasy  and
i s  e n j o y a b l e  and s t i m u l a t i n g  t o  me.
take  more than the  r e q u i r e d
Chemi s t r y  
1 i f e .
Tr y in g  to  
a n x i o u s . 
Chemistry  
I p lan  to
i s  not  e s p e c i a l l y  important  in everyday  
un de rs ta nd  c h e m i s t r y  d o e s n ' t  make me
i s  d u l l  and b o r i n g .
take  a s  much c h e m i s t r y  a s  I can dur in g  
my e d u c a t i o n .
Chemistry  has  c o n t r i b u t e d  g r e a t l y  t o  the  
advancement o f  c i v i l i z a t i o n .
Chemistry  i s  one o f  my most dreaded s u b j e c t s .
I l i k e  t r y i n g  t o  s o l v e  new problems  in c h e m i s t r y .
1 4 5
22 .  I am not  m o t i v a t e d  t o  work very  hard on c he mi s t r y  
1e s s o n s .
23 .  Chemistry i s  not  one o f  the  most important  
s u b j e c t s  f or  p e o p l e  t o  s t u d y .
24 .  I d o n ' t  g e t  u p se t  when t r y i n g  to  do c he mi s t r y  
problems .
Bi rthday. Male 
Fema1e
C l a s s i f i c a t i o n :  Freshman ( ) Sophmore ( )
Jun io r  < ) Se n i or  < )
A t t i t u d e  Measurement Answer Sheet
1 = S t r o n g l y  agree
2 = Agree
3 = Undecided
4 = D i sa g r ee
5 = S t r o n g l y  d i s a g r e e
1  . __________ 13,
2  . __________ 14,
3  . __________ 15.
4  . __________ 16,
5 .  _________  17,
6  .   18,
7  . __________ 19,
8  .   2 0 .
9 . __________ 21.
1 0 .   2 2 .
U . _________  23.
1 2 .   24.
Chemist ry  P r e t e s t
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Name___________________________________  P e r i o d ____________ Sex_______
S c h o o l __________________________________  B i r t h d a t e __________________
Month Day Year
CHEMISTRY PRETEST
D i r e c t i o n s :  A l l  s t u d e n t  r e s p o n s e s  are  t o  be r e c o rd ed  on the
answer s h e e t .  There  i s  o n l y  one b e s t  answer to  
e v e r y  q u e s t i o n .  Hand c a l c u l a t o r s  are  
p e r m i t t e d .  P l e a s e  show any s c r a t c h  work on the  
answer s h e e t .  T h i s  i s  no t  f o r  a grade  but  do 
t he  b e s t  t h a t  you can .
1.  Which s e t  c o n s i s t s  o n l y  o f  compounds?
(-1). Ha. Ca. He
(2)  h3o \  c r ,  i 3"
(3)  N aC l , C H 4 , Br 2
(4)  H2 S, CuC12 , K1
2.  What i s  th e  mass o f  one mole o f  ca lc ium  
' p h o s p h a te ,  Ca3 (P0 4 ) 2?
(1)  215 g (3)  279 g
(2)  278 g (4)  310 g
X  An unknown compound was "found to  c o n t a i n  on ly
ca rbon  and hydrogen in a mass r a t i o  o f  6 . 0  g C
to  1 .0  g H. What i s  the  e m p i r i c a l  ( s i m p l e s t )  
formula  o f  t h i s  compound?
(1)  CH (2)  CHZ (3)  C6H (4)  CHg
*/. Based on th e  p o s i t i o n  o f  the  e l em en t s  in  the  
p e r i o d i c  c h a r t ,  t h e  most  l i k e l y  formula f o r .  
s t r o n t i u m  n i t r i d e  i s
(1)  S r 2 N5  (3)  S r 2 N3
(2)  S r 5 N2  (4)  S r 3 N2
,5 ,1  What i s  the  c o r r e c t  name f o r  Fe(N03 ) 2?
(1)  I r o n ( I I )  n i t r a t e
( 2 ) 1 r o n ( I I )  n i t r i t e
(3)  1r o n ( I I I )  n i t r a t e
(4 )  l ron {11 1)  ni t r l t e  
la. The e x p r e s s i o n
Cu * 2  H2 S0 4 — * CuS0 4 + 2  h20 r ? 
can be ba la nc ed  by add ing  which mis s in g  p . u d u i t ?  
H )  Hz (2)  s (3 )  S02 (4)  h2S03
7 . How many moles o f  oxygen,  0 2 , a r e  needl'd i» 
p roduce 9 moles o f  carbon  d i o x i d e ,  C02?
C3 Hg + 5 0 2 — > 3  C02  + 4 H20
(1)  15 (2)  6  (3)  3 (4)  4
0 .  Approximately how many molecu les  a r e  in 
11 g o f  ca rbon  d i o x i d e ,  C0 2 , gas?
(1 ) 1.5 x 102 3  (3)  6 . 0  x 1 0 -3
(2)  3 .0  x 102 3  14) 2.4 x 102 3
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. A s u b s t an ce  wi th  a m o le cu l a r  weight  o f  92 
c o n s i s t s  o f  equal  numbers o f  S and N a toms .
What 1s th e  formula o f  the  subs tan ce ?
(1)  SN (2)  S2 N2  (3)  S3 N3  (4)  S4 N4
10. The formula f o r  y t t e r b i u m  s u l f a t e  i s  Y b ^ S O ^ J j .  
What i s  the  formula f o r  y t t e r b i u m  c h l o r i d e ?
(1) YbCl2 (3)  Yb2C l 2
(2)  Yb2 Cl 3  (4)  YbCl3 
l i .When t h i s  e x p r e s s i o n  i s  ba l a n c e d ,
2 ^3̂ 5 * 2.  ̂— ®̂2 *6H20
what  i s  the  c o e f f i c i e n t  o f  oxygen,  0 2?
(1)  6  (2)  9 (3 )  12 (4)  IB
/£.vlhat  mass o f  ca lc iu m  h yd r o x id e ,  Ca(0H)2 ,
1s o b t a i n e d  from 18.7  grams o f  ca lc ium 
o x i d e ,  CaO?
CaO + H20 — * Ca(0H)z
(1)  18 .7  g (3)  56.1 g ’
(2)  24.7  g (4)  74.1 g
4
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D i r e c t i o n s :  Wri t e  a b a l a n c e d  chemica l  e q u a t i o n  for
the  f o l l o w i n g  problems  be low .
13.  A s t u d e n t  p l a c e d  aluminum metal  i n t o  a water  
s o l u t i o n  o f  hydrogen c h l o r i d e .  Al l  o f  the  
aluminum r e a c t e d  t o  form aluminum c h l o r i d e  and 
hydrogen g a s .  No p r e c i p i t a t e  was o b s e r v e d .  The 
s t u d e n t  l a t e r  e v a p o r a t e d  the  water  t o  l ea v e  s o l i d  
aluminum c h l o r i d e .
14.  Once i g n i t e d ,  magnesium burns  b r i l l i a n t l y  wi t h  an 
i n t e n s e  f lame  p r o du c i n g  a w h i t e  powder,  magnesium 
ox i d e .
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A. Elements and Symbols; 
Atomic Number
t
11. Compounds and Formulas; 

















d. Double Replacement 
h. Energy in chemical changes
(Kxothermic/Endothermic)
COMPETENCY/PERFORMANCE 011.1ECT1 VE
Recognize the symbols for 
elements with atomic numbers.
Distinguish between symbol and 
formulas; atomic weight and 
formula weight.
Write a simple formula of clioml 
cal compounds using oxidation 
numbers (atomic numbers I 
through 30). >
D. Identify polyatomic ions In n 
formula and use them in wi ll Ini' 
a formula.
E. Identify l^, ^2* ^ 2 *  1i’
B ^ ,  and I2 as diatomic molorui.
*F 1. Use Greek prefixes or Roman m i n ­
erals in naming simple binary 
compounds.
F 2. Differentiate between empirical 
and molecular formulas.
F 3. Define a formula unit.
*G 1. Balance equations representing 
four different classification!; 
of reactions.
G 2. Distinguish between exothermic 
and endothermic.
COUUnE OUTLINE






c o u r s e  o u t l i n e  c o m p e t e n c y /p e r f o r m a n c e  o b j e c t i v e
V. THE ATOM V. The student will be able to:
A. Atomic Theory A 1. Discuss the origin of the atom
1. Origin theory.
2. Lhw of Definite
Proportions• A 2, State the Law of Definite
3. Dalton's Hypothesis Proportions.
A. Law of Multiple
Proportions A 3. List components of Dalton's
- Hypothesis.
A A. Give examples of the Law of
Multiple Proportions.
B. Atomic Structure *B 1. Differentiate among the prnpci
1. Protons, neutrons, ties: charge, relative mass,
electrons location of the electron,
2. Atomic No./Mnss No, proton, and neutron.
3. Isotopes
A, Size and Dimension B 2. Determine the atomic and mass
numbers of atoms.
*B 3. Select isotopes from a list of
elements using the atomic num­
bers and atomic mass numbers.
*B A. Compare the approximate dimen­
sions (radii or diameters) of
the nucleus and the atom.
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COURSE OUTLINE COMPETENCY/PERFORMANCE Oll.l EOT IVI:
VIU. STOICHIOMETRY AND THE MOLE VIII. The student will be nble to:
A. Avogndro's Number nnd tlie
Mole/
*A. State Avogndro's number.
n .  Chemical Calculations
1. Formula Mass
2. Percentage Composition
3. Determination of Chemical
*1) 2. Calculate the percentage cumpn 
sition of any given compound.
D 1. Define formula mass
Formulas
*11 3. Determine the number of mo 1c m  
nnd number of particles In tlu< 
mass of a given substance.
*D 4. Determine an empirical formula 
from percentage composition 
data. '
*11 5. Determine the molecular formula 
given the molecular mass and ( l i e  
empirical formula.
4. Mass-Mass *B 6 . Solve mass-mass/mass-ba lance* 
problems based on o balanced 
equation.
APPENDIX I






1. How many grams of water w i 11 be formed when 32 grams 
of hydrogen and 32 grams of oxygen are mixed and 
allowed to react?
2H2  + o 2  7  2H2 0
CA) 18 (B> 2.0 CC) 36 CD) 64
*ACS Concept: Mass/mass - Limiting reagent
2. The equation representing the complete combustion 
of vitamin C is:
c6h8°6 + 502  6C02 + 4H2°
What is the number of moles of oxygen needed for 
the complete combustion of 3 moles of vitamin C?
(A) 0.600 (B) 5.00 (C) 15.0 CD) 160
*ACS Concept: Mole/mole ratio
3. The molecular formula for glucose is CgH^Og*
What is the empirical formula?
<A ) CHO CC) C3 H6 03
CB) CH20 CD) CCH2 >6
*ACS Concept: Molecular/Empirical Formulas
4. Consider the equation:
2 A 1 C OH) 3  ------ >  A1 2 0 3  + 3H2 0
When 15.0 grams of aluminum hydroxide, A1C0H ) 3  is 
decomposed, how many grams of water will be formed?
CA) 3.86 g CB) 5.19 g CC) 4.20 g CD) 22.5 g
#ACS Concept: Mass/Mass
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5. Consider the equation: 2N0 + O 2   >  2 NO2
Given 10 molecules of NO and 8  molecules of oxygen,
how many molecules of NO2  can be formed?
(A) 10 CB) 20 (C) 16 CD) 18
#Heath Chemistry Concept: Molecules/Moles
Limiting Reagent
6 . Acetylene gas is used for welding. Acetylene
contains 30 grams of carbon for each 2.5 grams of 
hydrogen. What is the empirical formula?
CA) C2 H2  CB) C2H CC) CH CD) CH2
*Heath Chemistry Concept: Empirical Formula
7. A compound that has the empirical formula CH and 
the molecular mass of 78 amu would have the 
molecular formula of _____.
CA) CH CB) C 3 H 6  CC) C 6 H6  CD) Not enough
i nformati on
*Heath Chemistry Concept: Molecular Formula
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Use the prescriptive method to solve the following problems.
8 . Determine the empirical formula for a compound that 
is 79.9% copper and 20.1% sulfur.
*Heath Chemistry Concept: Empirical Formula
9. Methyl alcohol, CH^nu _  . . ,•̂ OH, combines with oxygen to
form carbon dioxide and water. How many grams of
oxygen are required to burn 34.5 grams of methyl
alcohol?
tfHeath Chemistry Concept: Mass/mass
10. How many moles of iron (III) chloride, FeClg,
could be made with 1.81 x 1 0 ^ 3  atoms of chlorine 
and the appropriate number of iron atoms?
*Heath Chemistry Concept: Atoms/Moles
^Source
APPENDIX J 
Student Work from Posttest
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C.D'^<L'r>\ CLCd -̂ -̂^
  I
CaAs.
U $  •*b<^
\  v k m A x
n ^ A c f v x
1/
OA_moA  ̂ Vc| <ht*JU-C»








0   ̂ c
V' i^t V.vrAvvA^ I >:AVs. vcuNc^ULMj^oSi. O ^ v .r^ v v .v ^ C x  ^  ^  ^
6 ,
0^C .vv X \ ^ U ^ < L __ \  . & U  _ 
3 o *  \ < ^ S  A \ v w J U
3>Ci »\ ^ O . b ^
-- a
C . u . a S
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Limiting Reagent Problem Set
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1 6 5
Limiting Reagent Problem Set
Directions: Use an explanation based upon the
the prescriptive method to solve the 
following problems.
1. Which, if either, has more atoms, 30 grams of 
oxygen or
30 grams of chlorine? Explain your answer. 
#Goodstein & Howe Concept: Grams/mo 1es/atoms
2. 35 grams of chlorine are reacted with 35 grams of 
sodium to form NaCl. Is there exactly enough of 
each or will sodium be left over or will chlorine 
be left over? Explain your answer.
*Goodstein & Howe Concept: Mass/Mass
Limiting Reagent
3. If 15.5 grams of aluminum are reacted with 46.7 
grams of chlorine gas, then aluminum chloride, 
AICI3 , is formed.
a. Which reactant is in excess?
b. Calculate the number of grams of excess.











"As a teaching tool, the prescriptive plan was somewhat 
effective. Students have very poor reasoning skills.
They''ve been conditioned to memorize formulas and steps to 
solutions without understanding why a procedure is followed. 
Requiring students to sketch what is given in a problem and 
develop a solution encourages them to reason and analyze.
Students resisted using the plan because it was time 
consuming and they lacked the patience needed. While some 
students were able to grasp an understanding after some 
time, many remain unsure and unable to design a solution. 
Perhaps this method should begin much sooner.
The students in a group were more efficient in problem 
solving and were more willing to work. They also experience 
less frustration than the students working individually.
Much time was required to grade problem sets using the 
plan, however as an indicator of students'' understanding of 
concepts, it was excellent."
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School B
"While participating in this program, I have come to 
realize that grouping will have many advantages. Although 
there were no extreme changes in this short period of time,
I did see the frustration level of the students decrease 
considerably. Those students in groups who are generally 
poor problem solvers became more confident while attempting 
to solve the problems.
Throughout this study, however, I did note a difference 
between my honors and regular classes. The ability to group 
the material seemed to take much longer in the regular 
grouped class than it did in the ungrouped honors class.
The length of retention was also greater for the ungrouped 
honors class than it was for the grouped regular class.
More time should be given to this program. If this is 
done, I feel that there will be a significant difference in 
the performance level of the students in the groups. I 
intend to utilize this program for the remainder of the 
year. However, I do not feel that it should be used 
exclusively. The students tended to become restless and 
uninterested after several weeks of using this same method 
of instruction.
In viewing the videotapes of each class, I found that 
the groups had very good interaction with one another. In
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some instances the students would tend to allow one of the 
students to explain the problems. The other students would 
recognize the explanation and would offer suggestions that 
would inhance the discussion. I also found that when in a 
group situation, if the answer did not agree with the 
prediction, the group would work with each other to discover 
what they had done incorrrect1y . In determining the correct 
process, the group would utilize the knowledge of all the 
students. At this point they did not leave it up to only 
one person to explain.
The groups also tried to be sure that everyone had the 
same results using the steps provided. The problem that the 
students most often experienced was that they were not able 
to understand how to make their predictions when it involved 
more than one process. The groups were always eager to 
share their information. That information may have been 
only to complete the calculation on the calculator.
When the groups were not successful in solving the 
problem, they sometimes became quiet or would begin to talk 
about other subjects. At this point they would need 
reassurance and instruction in the process by the 
instructor. The groups did not tend to give up as quickly 
as the those that were not grouped.
1 7 0
The students who were not grouped tended to experience 
moments of anxiety and frustration with each other. They 
were not able to interact with one another as well as those 
that were grouped. The students that were not grouped were 
not able to determine the best way to solve the problem as 
often as those that were grouped. They were not as step 
orientated as those in a group. These students looked to 
the other to explain the problem. In the classroom, these 
students relied on the instructor to help him get through 
the initial steps. They were less able to think through the 
problem whether they were in an honors class or not if they 
were not grouped.
All of these viewpoints were seen in some extent in both 
the groups and the individual students. Whether the 
students were in a group or not, they all did their best to 




"It was with a great deal of enthusiasm that I agreed to 
cooperate with Joy Tingle on her research for her doctorate 
studies. There has been a great deal of emphasis placed on 
problem solving recently on the national level and I was 
anxious to try some of these new ideas in my classroom. 
Working in groups is always a challenge and working in 
groups to solve problems really sounded like an excellent 
opportunity to put into practice some of these new 
motivational and problem solving techniques.
Ms. Tingle selected my two physics classes as the 
subjects in her preliminary study. She tested both classes 
for their analytical thinking skills then divided one class 
into groups of four with one analytical thinker in each 
group. The other class was asked to work individually with 
only the aid of the instructor and the text. Each class was 
requested to follow the same prescription procedure in 
solving problems. No work was allowed outside of class.
The class which was grouped seemed to progress more rapidly 
and to gain more insight into the concept of the problem. 
This group just simply seemed to enjoy physics more and were 
more enthusiastic. The class which was not grouped often 
complained about having to follow the prescription procedure 
and just wanted to solve the problems by putting the facts
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given into a formula and getting ''the answer''. The picture 
was one of the most difficult parts of the procedure for 
both classes to group.
After the preliminary study, two of my chemistry classes 
were also tested to identify the analytical thinkers in each 
class. Again one class was divided into groups of four with 
one analytical thinker in each group. The grouped class 
benefited from their discussions and were able to grasp the 
concept of the mole and mass-mass relation more quickly and 
easily. The class which was not grouped was not as eager to 
try to visualize the mole by drawing pictures and often said 
it was just plain stupid. Again instead of trying to 
visualize the concept they just wanted to plug everything 
into a formula and get the answer. Some students however, 
became so proficient at doing their drawings and making 
estimations they did not even need to use the formula to get 
the correct answer. By the end of the study almost all the 
subjects, grouped and ungrouped could solve their chemistry 
problems using the prescription procedure, although there 
were a few who never completely mastered the method of 
est imat ing.
The major drawback in this method was that not all 
students in the groups participated equally. Some students 
relied on the analytical thinker in their group to solve the
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problem, then copied or signed their names to the group 
assignment for a group grade. When evaluation time came
they could not do the work on their own. The other students
in the group also resented the fact that they could get away
with this. Several incentives were tried to overcome this
problem and worked in most cases.
Although the prescriptive procedure required more time 
to solve each problem, because of the drawings and 
estimations, the subjects seemed to gain a better 
understanding of the overall concept of the mole and of the 
relationship between masses in a chemical reaction. A 
combination of the prescription procedure for solving a 
problem and of groups with one analytical thinker in each 
was very successful in my classes and I plan to use this 
technique in the future. This prescription procedure of 
problem solving can be utilized by the students in other 
classes in high school and college as well as for solving 
problems in their everyday lives."
APPENDIX M 
Student Work from Videotapes
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Moles From a Given Mass
PROBLEM: Copy the problem and underline key
words or phrases.
How many moles are represented by 11.5 g of
c2 h5 oh?
II. REDESCRIPTION: Be sure to include units.
A. Given: Unknown
11.5 g C2 H5 0H
46.0 g C 2 H 5 0H
? moles of 
C2 H5 0H
B. PICTURE: Label the diagram or sketch
j l L 5 g 46.0 g 
1 mol e
III. PREDICTION OR ESTIMATION:
Approximately 1/4 mole or .25 mole
IV. MATHEMATICAL SOLUTION:
11.5 g / 1 mole
46.0 g
249 mole C2 H5 0H













Copy the problem and underline key 
words or phrases.
What is the empirical formula for a compound if a 
2.50 g sample contains 0.900g of calcium and
1.60 g of chlorine?
REDESCRIPTION: Be sure to include units.
A. Given: Unknown
.900 g Ca
1.60 g Cl 
Ca + Cl = 2.50 g
Cax Clx
1 mole Ca 
1 mo 1e Cl
40.1 g 
35.5 g
B. PICTURE: Label the diagram or sketch
1 mo 1 e f —  i 1 mol e
Ca Cl
40.1 g • 9 g 35.5 g 1 . 6  g
V.
PREDICTION OR ESTIMATION:
1/40 mole Ca 1/20 mole Cl
•# moles Cl > # moles Ca < 1 
MATHEMATICAL SOLUTION:
40.1 g .9 g
1 mo 1 e 1 mo 1 e
.9 g / I mole\ =
40.1 g 











1.6 g /l mole\ = .045
I ------- I mole
[35.5 g J Cl
CaCl 2
Answer makes sense with prediction 




I- PROBLEM: Copy the problem and underline key
words or phrases.
How many grams of a zinc chloride are required 
to react with 15.0 g of aluminum metal? The 
products are aluminum chloride and zinc metal.
II
III
REDESCRIPTION: Be sure to include units.
A. Given: Unknown
m = 15 g A1 
1 mole A1 = 27 g 
1 mole ZnCl2 = 96.4 g
B.
3 ZnCl2  
PICTURE:
2 A 1 2 A 1 Cl
x g ZnCl2
+ 3 Zn
Label the diagram or sketch.
1 mol e 




PREPICTION OR ESTIMATION: 
Mole Ratio: .75 moles ZnCl2 5 m o 1e A 1
Since 96.4 g is almost 100 g, .75 moles would be 
approximately 75 g ZnCl2
IV. MATHEMATICAL SOLUTION:
15 g A 1 1 mol e A 1 3 mol es ZnCl 2 96.4 g ZnCl
27 g A 1 2 mol es A 1 1 mole ZnCl2
= 80.3 g 
ZnCl 2





Rules of Behavior 
Cooperative Grouping
Guidelines:
1. One copy of each problem set per group with
signatures of members of the group will be turned
in for grading. The grade will be shared by group 
members.
2. Everyone in the group is responsible for learning
how to work the problems since tests will be given
on an individual basis.
3. On each test, if all members of the group score at 
least a 70% or better, then 5 extra points will be 
given to everyone in the group.
4. Students will assume the following roles when
working in groups. These roles will be alternated 
each week. If someone is absent, combine roles 
such as a and b.
a. Organizer/Time Manager: Makes sure everyone in
the group has a role, keeps track of the time, 
and keeps everyone on task.
b. Encourager/Observer: Makes sure everyone has an 
opportunity to participate and keeps track of 
how well everyone is working together.
c. Recorder: Writes down the group's decisions
and submits the final problem set to the 
teacher.
d. Summarizer/Checker: Makes sure everyone in the 
group understands what is being said and that 
it makes sense to the group as a whole.
General Rules:
1. Move into groups according to the diagram with as 
little noise as possible. Once in groups, there 
will be no moving around. Members of the group 
must face each other.
2. Talk only to members of your group or teacher.
Only one member of the group should talk at a time.
3. Use each other's name.
4. No "put-downs"; criticize ideas not people.
5. Everyone must participate; think and plan out loud; 





S t a t i s t i c a l  Da ta  and I n t e r p r e t a t i o n s  
The c o m p a r i s o n  of  m e a n s  b e tw e e n  s t u d e n t s  so lv ing  
p r o b le m s  ind iv idua l ly  and th o s e  so lv in g  p r o b le m s  in 
c o o p e r a t i v e  g ro u p s  (T ab le  P - 1) i n d i c a t e s  th e  m ean  
r e p r e s e n t i n g  th e  ind iv idua l  p rob lem  so lv ing  i s  s l i g h t l y  h igher  
(M=4.51) th an  th e  group (M=4.42). The m ean  of  th e  p o s t t e s t  fo r  
h o n o rs  s t u d e n t s  w a s  h ig h e r  t h a n  fo r  s t u d e n t s  in r e g u la r  
c l a s s e s  (M=4.66; M=4.27). P ro p o r t io n a l  r e a s o n e r s '  p o s t t e s t  
m ea n  w a s  h ig h e r  th a n  th e  m e a n s  fo r  t r a n s i t i o n a l  and 
n o n p ro p o r t io n a l  r e a s o n e r s  (M=4.93; h = 4 . 2 4  and M=4,24).
Tab le  P - 1
L e a s t  S q u a re  Means fo r  P o s t t e s t  f o r  Independen t  V a r i a b l e s
T r e a t m e n t Type P r o p o r t io n a l  Reason ing
Ind Group Reg Hon NP T P
4.51 4 .42 4 .27  4 .66 4 .2 4  4 .2 4  4.93
The t w o - w a y  i n t e r a c t i o n  of ty p e  by t r e a t m e n t  (T ab le  P - 2 )
r e s u l t e d  in th e  h i g h e s t  p o s t t e s t  m ean  f o r  h o n o rs  s t u d e n t s  
so lv in g  p r o b le m s  in d iv id u a l ly  (M=4.71) w i t h  th e  l o w e s t  m ean  
fo r  s t u d e n t s  in r e g u l a r  c h e m i s t r y  c l a s s e s  t h a t  w e r e  grouped  
(M=4.24). For t h e  t w o - w a y  i n t e r a c t i o n  of ty p e  by p ro p o r t io n a l  
r e a s o n in g  (Tab le  P -3 ) ,  th e  p o s t t e s t  m ean  f o r  p ro p o r t io n a l  
r e a s o n e r s  w a s  th e  h i g h e s t  m ean  in h o n o rs  c l a s s e s  (M=5.17) and 
th e  l o w e s t  m ean  o c c u r r e d  f o r  n o n p ro p o r t io n a l  r e a s o n e r s  in
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r e g u l a r  c h e m i s t r y  c l a s s e s  (M=3.90). The t w o - w a y  i n t e r a c t i o n  
of  t r e a t m e n t  by p ro p o r t io n a l  r e a s o n in g  (Table  P - 3 )  r e s u l t e d  in 
t h e  h i g h e s t  p o s t t e s t  m e a n  f o r  p ro p o r t io n a l  r e a s o n e r s  so lv ing  
p r o b le m s  c o o p e r a t i v e l y  (M=5.03), w h i l e  th e  l o w e s t  m e a n s  
o c c u r r e d  f o r  t r a n s i t i o n a l  s t u d e n t s  so lv in g  p r o b le m s  in g roups  
( M = 4 1 1).
T ab le  P - 2
L e a s t  S q u a re  Means f o r  P o s t t e s t  f o r  Type bv T r e a t m e n t
T r e a t m e n t
Type Indiv idua l Grouped
R eg u la r 4.31 4 .2 4
Honors 4.71 4 .62
T ab le  P - 3
L e a s t  S q u a re  Means f o r  P o s t t e s t  f o r  P r o p o r t io n a l  R eason ing  bv 
Tvoe and P ro p o r t io n a l  R e ason in g  bv T r e a t m e n t
Type T r e a t m e n t
R eg u la r  Honors  ind iv idua l  Grouped
NP 3 .9 0
T 4 .23











L e a s t  s q u a r e  m e a n s  f o r  a t t i t u d e  f o r  th e  m a in  e f f e c t s  (T ab le  P -  
4) i n d i c a t e  t h e  m o s t  p o s i t i v e  a t t i t u d e  f o r  grouped  s t u d e n t s  
(M=72,1) and t r a n s i t i o n a l  r e a s o n e r s  (M=72.1) w i t h  v e ry  l i t t l e  
d i f f e r e n c e  n o te d  b e t w e e n  h o n o rs  and r e g u l a r  (M=71.6; M=71.1). 
T ab le  P - 4
L e a s t  S q u a re  Means f o r  A t t i t u d e  fo r  Independen t  V a r ia b le s




P ro p o r t io n a l  R eason ing  
NP T P
70 .6  72.1 71.1 7 1 .6 7 0 .5  72.1 7 1 .4
The l e a s t  s q u a r e  m e a n s  f o r  a t t i t u d e  f o r  th e  t w o - w a y  
i n t e r a c t i o n  of  t r e a t m e n t  by ty p e  (Table  P - 5 )  sh o w e d  in a  m o re  
p o s i t i v e  a t t i t u d e  f o r  r e g u l a r  c h e m i s t r y  s t u d e n t s  so lv in g  
p r o b le m s  in g ro u p s  (M=72.6) w i t h  r e g u l a r  c h e m i s t r y  s t u d e n t s  
so lv in g  p ro b lem  in d iv id u a l ly  hav ing  t h e  l e a s t  p o s i t i v e  a t t i t u d e  
(M=69.6). For  t h e  t w o - w a y  i n t e r a c t i o n  of  ty p e  by p ro p o r t io n a l  
r e a s o n in g  (T ab le  P -5 ) ,  a  m o r e  p o s i t i v e  a t t i t u d e  w a s  in d ic a t e d  
f o r  h o n o rs  p r o p o r t io n a l  r e a s o n e r s  (M=72.5). T r a n s i t i o n a l  
s t u d e n t s  so lv in g  p r o b l e m s  in g ro u p s  had a m o re  p o s i t i v e  
a t t i t u d e  (M=73.2) in t h e  t w o - w a y  i n t e r a c t i o n  of t r e a t m e n t  by 
p ro p o r t io n a l  r e a s o n i n g  (T ab le  P-6) .
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T ab le  P - 5
L e a s t  S q u a re  Means f o r  A t t i t u d e  fo r .Type  bv T r e a t m e n t
T r e a t m e n t
Type Individual Grouped
R egu la r 6 9 .6 72.6
Honors 7 1 .6 7 1 .7
T ab le  P - 6
L e a s t  S q u a re  Means f o r  A t t i t u d e  f o r  P ro p o r t io n a l  R eason ing  bv 
Type and P ro p o r t io n a l  R eason ing  by T r e a t m e n t
Type T r e a t m e n t
________ R egu la r_______ Honors_______ Individual  Grouped
NP 7 0 .9  70 .2  70 .6  70 .5
T 72.1 72.1 71 .0  73 .2
P 70 .3  7 2 .5  70.1 72 .8
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A p r in c ip a l  f a c t o r  e x t r a c t i o n  w i t h  o r thogona l  r o t a t i o n  w a s  
p e r f o r m e d  on th e  2 4  i t e m s  of th e  r e v i s e d  q u e s t i o n n a i r e  u sed  in 
t h i s  s tudy.  T h is  e x t r a c t i o n  w a s  p e r f o r m e d  fo r  bo th  th e  
a t t i t u d e  p r e -  and p o s t - m e a s u r e s .  The c r i t e r i o n  f o r  f a c t o r  
e x t r a c t i o n  w a s  a m in im u m  e ig e n v a lu e  of  one and in each  c a s e  
t h r e e  f a c t o r s  w e r e  e x t r a c t e d  a s  in th e  o r ig ina l  q u e s t io n n a i r e ;  
h o w e v e r  f e w e r  i t e m s  loaded  f o r  each  f a c to r .  C om par ison  of 
t h e  i t e m s  fo r  e ac h  f a c t o r  on t h e  p r e -  and p o s t - q u e s t i o n n a i r e s  
in d ic a t e d  fo u r  i t e m s  r e l a t i n g  to  m o t iv a t io n ,  e n jo y m e n t ,  or  
i n t e r e s t  loaded on f a c t o r  1, fo u r  i t e m s  r e l a t i n g  to  f e a r  or  
a n x ie ty  loaded on f a c t o r  2, and only t w o  i t e m s  r e l a t i n g  to  
i m p o r t a n c e  loaded  on f a c t o r  3.
1<2»0
T ab le  19
F a c to r  Loadings fo r  T h r e e - F a c t o r  P r in c ip a l  F a c to r s  E x t r a c t io n
and Or thogonal  R o ta t io n  f o r  A t t i t u d e  P r e t e s t  and P o s t t e s tWit IV VI n.vwvuwi -1.
F a c to r  1 F a c to r  2 Facl:or 3
I t e m s  1 - 2 4 Pre P o s t Pre P o s t Pre Pos t
lEn ioym ent .77 .00 .00 .00 .00 .57
M otiva t io n .61 .00 .00 .00 .00 .00
I m p o r ta n c e .00 .00 .00 .00 .00 .62
F ea r .00 .00 .63 .70 .00 .00
E n jo ym en t .74 .00 .00 .00 .00 .00
M ot iv a t io n .73 .80 .00 .00 .00 .00
Im p o r ta n c e ,49 .00 .00 .00 .00 ,00
Fea r .00 .00 .83 .80 .00 ,00
E n jo ym en t ,00 .00 .00 .61 .00 .00
M ot iva t io n .75 .77 .00 .00 .00 .00
Im p o r ta n c e .00 .00 .00 .00 .00 .73
Fea r .00 ,00 .73 .75 .00 .00
E n jo y m en t .7 4 .00 .00 .00 .00 .00
M o t iva t io n .69 .76 .00 .00 .00 .00
Im p o r ta n c e .00 .00 .00 .00 .65 .57
F ea r .00 .00 .00 .00 .00 .51
E n jo ym en t .80 .00 .00 .00 .00 .00
M ot iva t io n .75 .80. .00 .00 .00 .00
Im p o r ta n c e .00 .00 .00 .00 .59 .63
F ea r .60 .00 .00 .00 .00 .00
E n io y m en t .00 .00 .00 .00 .00 .00
M ot iva t ion .58 .00 .00 .00 .00 .00
Im p o r ta n c e .00 .00 .00 .00 .00 .63
F ea r .00 .00 .75 .75 .00 .00
% o f  V a r ian ce 3 0 .5 0 2 1 .3 0 13.70 2 0 .7 5 13.40 16.54
Label M o t iv a t io n Fea r Im p o r ta n c e
*1 t e rn s  load ing  on m o re  th a n  one f a c t o r  and th o s e  und e r  .50 
w e r e  r e p l a c e d  by .00.
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